NOV/DEC 1982 VOL. 4 NO. 6 


$3.00 USA/S3.50 CANADA 








r 










S-100 UPDATE SHEET #4J 

L 










LJ 1 vJvJ LJ 1 1 L. LJ 1 1 1— L. 1 TT^T ^ 

i i i i i i i i i i i i i i i i i | 


#£$ • li » 

I MU . rj j r? { 

11 j J: L " -1-’: ; - 

uhe£ 



SPEECH SYNTHESIS 

A WIDE VARIETY OF 
S-100 APPLICATIONS! 




PROM PROGRAMMING 


'CP/m Trademark Digital Research. Inc. 
"VOTRAX Trademark 
Federal Screw Works. Inc. 


lo 


tfe g@Dyi(§)^: 

Ackerman Digital Systems, Inc. 


Prombloster: 

Synthetolker: 

tm 

Kluge Card: 


Programs 19 different devices, 2708's thru 25128's! No additional 
hardware module required! Software runs under CP/m*. Sits on the S-100 
bus as an I/O device! Price: $349.95 A & T 

Uses the VOTRAX SC-01**, has 8-bit DAC, two I/O ports, and on-board 
audio amplifier! Phrase( m software runs under CP/m, has dictionary and 
many features. Price: $310.00 A & T, Software, $49.95 

Prototyping card comes with S- 1 00 interface logic built-in . Has four power 
supplies, bi-directional data and address bus buffers, and much more! 
Price: $39.95 Dare Card 


Memorize!": 1 28K static Rom/51 2K Rom! Featuring two independent banks of eight 

tm sites, (28 pin sockets), the ADS MemorizeuDllows you to mix Ram with 
Rom, or dedicate to either! Independent wait states (0-5) per bank 
supports fast Rams with slow Eproms! Allows system to run at max speed. 
Supports any 1 K x 6 to 32K x 8 part, Ram or Rom, (single supply part), ! 



COMING SOON ★ 

FLOPPY DISC CONTROLLER AND MC68000 CARD! 


Ackerman Digital Systems, Inc. 

110 N. York Rd., Suite 208, Elmhurst, IL 60126 


(312) 530-8992 
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Industrial production 
technology is reaching out 
for new bases of growth — and 
it’s taking hold in Amherst. 

If your firm is engaged in 
robotics or machine tool and 
equipment manufacturing, 
Amherst is all yours. 

AMHERST: THE PEOPLE 

A solid base of technically- 
trained talent, schooled and 
skilled in electrical, mechanical 
and industrial engineering — 
the disciplines your industry 
demands with the productivity 
it deserves. 

AMHERST: THE LOCATION 

Within 500 miles of 60 
percent of all North American 
manufacturing activity. 

Within 20 miles of some of the 
cheapest and most readily 
available hydro power in the 
country. Within a mile of 
one of America’s foremost 
educational/research 
institutions. 


KNOW THAT 
ROBOTICS 
IS NOT A NEW 
VIDEO GAME, 
YOUR 
COMBMMY 
GOULD BE 
THEONE. 


And within minutes of all 
Western New York air, rail and 
superhighway access. 

AMHERST: THE EXPERTISE 

A team of experienced 
individuals, eager to cut 
through red tape to secure 
the package of tax incentives 
and financing vehicles 
required to get your company 
off the ground — quickly. 

AMHERST: THE OPPORTUNITY 

Qualified people. Strategic 
locale. Business know-how. 

It’s all here for the right 
company — on a silver platter. 
Opportunity awaits you 
in Amherst. 

FOR MORE INFORMATION, 
call or write JAMES J. ALLEN, 
Executive Director, Amherst 
Industrial Development Agency, 
5678 Main Street, 

Amherst, New York 14221. 
(716)634-8575. 

Better yet, plan to visit us. 

We’ll have your engraved 
pratter waiting for you 
when you arrive! 
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Industrial robots depend upon Moog 
servovalves for control of 
position, velocity, acceleration and deceleration 


The robot population is growing exponentially as man- 
ufacturers seek higher productivity and lower operating 
costs. 

A high percentage of the industrial robot population will 
be controlled by Moog Servovalves. These valves 
provide precise control of the many functions on today’s 
robots, which are performing a wide range of tasks, 
including materials handling, all types of welding, 
painting, and intricate assembly operations. Moog 
provides a full range of servovalve sizes to fit the needs 
of the complete spectrum of robots. These valves are 
available with intrinsically safe coils for painting robots 
and others designed for hazardous environments. 

To assure robot users of production continuity, we have 


fully equipped and expertly staffed servovalve service 
and repair departments in East Aurora, NY; Monterey 
Park, CA; England, France, West Germany, Sweden, 
Italy, Japan, Australia and Brazil. 

For more information on Moog Servovalves, our “fast 
turnaround” repair service, or factory-rebuilt “reman- 
ufactured” valves, write to Moog Inc. Industrial Division, 
East Aurora, NY 1 4052. Or telephone us at 71 6/652-2000. 
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Editorial 


Visions of the Future 


BY CARL HELMERS 

ow can a computer see? If we are to create interactive, real- 
time intelligent machines, many challenging problems have 
to be solved in areas of computer vision engineering. The 
applications of vision are many — and the trade-offs of 
various criteria are not always obvious. Let’s look at vi- 
sion from a general point of view. The object of this exercise is to 
pose questions rather than answer them. The subject of vision can 
hardly be exhausted in one short essay. 

Why Use Vision? We build robotic systems, in one sense, as an at- 
tempt to simulate living organisms. Vision is one of the most highly 
developed and useful sensory mechanisms of the biological world. 
We use it all the time, take it for granted, and only realize the 
magnitude of its loss through accounts of our fellow beings who are 
blind. The pure goal of simulating the biological powers of sight is 
one of the driving forces behind vision research. A system that could 
“see” in some sense would be more powerful than one which could 
not. And if seeing were impossible, the system might not be possible 
at all. 

Such philosophical arguments provide a background to the 
challenge of vision systems design. But what about the practical 
reasons of engineering? The practicality of vision in many situations 
comes from the reliability and low power-density of the photons used 
to capture an image. In most situations, the use of a vision system 
does not change or alter the object being investigated. This is true 
of any system which uses electromagnetic radiation to extract 
geometric image information at distance scalings which are large with 
respect to the wavelength. It is also true of other noncontact, non- 
imaging senses such as sonar. 

To be sure, there are exceptions. We would not use a vision system 
operating at light wavelengths shorter than the longest visible red 
wavelengths in the usual photographic darkroom. We would not use 
sonar in a situation in which sound of similar frequencies was being 
measured as well. Vision at optical wavelengths would not be ap- 
propriate in oily, dusty, or smoky environments. 

A vision system is an imaging system. It reduces a “scene” into 
a two-dimensional map of geometric information, in which intensi- 
ty at each picture element (“pixel”) bears some relation to the scene 
being measured. The formation of the image on a plane sensor uses 
optical techniques with no mechanical coupling to the object being 
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Introducing 

RHINOVAPPLE 

Integrated High-Teih Robotic 
for Education . . . Research . . .1 


Hardware. Teaching software programs. Compre- 
hensive instruction manual. The RHINOVApple 
integrated systems include everything needed to 
start your robotics program. A full line of peripherals 
is available to customize experimentation in com- 
puter controlled manipulation strategies. 

The RHINO- is built with the same operating 
technology as large industrial robots. All parts of the 
rigid %” aluminum arm construction are visible. 
Specifications: optical encoders on each axis 
• 6 powerful DC Servo Gear Motors • 22.5" maxi- 
mum reach • 32" height • 14" width • 5 lb. lifting 
capacity • digital design with onboard microproces- 
sor • built-in self-test program. 


RHINO®/APPLE SYSTEM I 

$ 4995 °° 

• RHINO" XR-1 (Standard Hand, Standard Power 
Supply) 

• Apple II + , 48K 

• Apple Disk II w/lnterface 

• CCS 771 OA RS-232C Interface 

• RHINOVApple Interface Cable 

• Apple Monitor III - Green 12" 

• RHINO VApple software package #1 (RASP 1) 

• RHINO R XR-1 “Introduction to Robotics” 

250 page manual 

• Tool Kit for robotic arm 

• Instruction for RHINOVApple hook-up 


• Apple DOS 3.3 Software System w/manual 

• Apple system manuals with software instruction 
manual 

Accessories Available 

Deluxe Hand • Heavy Duty Power Supply • Linear 
Slide Base • Rotary Carousel • Chain Belt Con- 
veyor • Vacuum Finger • Magnetic Finger • Moto 
Dremel Tool Hand • Triple Finger Attachment 

Basic RHINO 5 XR-1 Robotic System $2400 

Includes: 32" high robotic arm • Power Pak *Con- 
trollerCard ‘Cables • Instruction Manual • Tool Kit 

• Compatible w/any computer that has RS-232C 
Interface. 

Systems shipped F.O.B. Champaign, IL. Price & 
specifications may be altered without notice. 

For information on RHINOVAPPLE DELUXE 
SYSTEM II and RHINOVAPPLE PREMIER 
SYSTEM III, contact: 


RHINO 

ROBOTS 


Rhino Robots, Inc. 

308 S. State, Champaign, IL 61820 
217/352-8485 TWX 910 245-0151 
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These modular encoders 
let the robotics designer measure 
the speed, direction and position of shaft rotation. 

They are also used in motor speed control applications. Available in a 
variety of shaft sizes, the 50 hole dual track pattern uses infrared pick-up 
optics and provides 2 TTL outputs in phase quadrature. A unique shaft 
mount uses a cone collar to permit concentric and wobble-free running. 
Standard shaft sizes are .125”, .250”, .375” and .500”. Board OSPB (not 
shown) is available which inputs the dual track signals and presents a 
CW/CCW direction signal and a rate signal. It multiplies basic disc 
resolution by 1, 2 or 4 times, yielding a maximum resolution of 200 counts 
per turn. Other encoder patterns and shaft sizes are available. Quantity 
discounts are offered. Call or write and inquire. 


LOW COST, 
PRECISION 
OPTICAL 
SHAFT ENCODER 


DISC-1 shaft size) PU-2 

2.25” by .090” encoder disc with IR reflective optics pick-up board, 
dual track 50 hole pattern. TTL output, with connector and 

$19.95 cable $19.95 


OSPB-1X, -2X or -4X 

Inputs the two channel signal from PU-2 and outputs a directional and rate 
signal. Specify output pulses per revolution which are 1, 2 or 4 times the 
encoder resolution. Cable and connector. $24.95 


Terms: Check or money order. Add $3 / shipping. (Wash, residents add 6.6% sales tax) 


A PRIORI Manufactured by Sailing Machine and Tool, Inc. 1819 South 
Central, Kent, WA 98032 (206) 859-1050. 
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Don’t waste samples on input which 
contains no added information. 

The two card PIXELCASTER® 


(S100 size) allows powerful image processing via RS-232. 
Using a map, it samples a group of Pixels, and returns them 
to the host in ASCII. Application programs can be written in 
any language. System $1485 

DIGITAL CONTROLLER PDC-8106 $790 

• 256 x 256 x 4 Sample Resolution per Field 

• 1024 Sample Points independently positioned anywhere 
on the screen 

• Programmable Sample Output Order 

• Z80A CPU Intelligent Image Preprocessor 

• RS-232 300 - 19.2 K BAUD, 2 CH. Modem Control 

• 2716/2732 Prom-based Monitor 

• ASCII Command Protocol Load, Dump, Sample, 
Reset, Load, Offset 

• IK BYTE Ram Buffer for Code and Data, memory 
expandable via card connector 

• Real Time Interrupts: Horiz. and Vert. Sync 

• Pixel Positions base register addressed 

• NMI Switch for program development 

VIDEO INTERFACE PVD-8000 $790 

• NTSC Video Input — RS170 

• Precision Window Digitizer — dual threshold 

• Sample Clock 3.58 MHz locked to color carrier 

• 32 Sample Modes — 32 Output Display Modes 

• Intelligent Sync Extraction 

• Auto/Computer Frame Control 

Video Expansion Card — Available Soon 

• 14 MHZ Sample Clock — resolves 70 ns 

• 4-Bit Video Digitizer — resolves 16 levels 

• Dual 8-Bit DACS — set digitizer window 
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VISION 
PERIPHERALS 

2612 W. Lincoln, Suite 301 
Anaheim, CA 92801 
(714)952-1176 


Editorial 

sensed. The image often can be used to inspect or 
measure in ways that no mechanical system would be 
capable of. The information obtained is geometrical. 

Where do these characteristics excel in practical 
use? In systems in which delicate mechanical 
assemblies must be sensed; where mechanical 
measurements are not amenable to automation; 
where objects must be found, measured, and in- 
spected. Ultimately, the Holy Grail of the mobile, 
autonomous servant-robot requires generalized vision 
capability in direct simulation of living systems. 

Where Do We Stand at Present? The video sensor is 
an accomplished fact of electronics practice. We can 
get visual field information as an electronically scan- 
nable image on a solid state sensor at varying levels 
of price, resolution, and accuracy. We can then con- 
vert the camera information into a pixel map in a com- 
puter memory. This pixel map typically associates 
some binary gray level of “intensity” with each posi- 
tion in a plane array of possible pixels. Commercial- 
ly marketed black box subsystems can extract infor- 
mation about the presence of objects, their visual field 
centroids, areas, hole counts, and axes. 

Are the systems practical? Practical depends on 
purpose. I’ll give an example from recent personal ex- 
perience to show trade-offs in a real situation. My 
associates and I have been evaluating video black 
boxes in a current design project. The task to be per- 
formed is the mechanical adjustment of delicate preci- 
sion metal parts, using visual feedback to control the 
results. 

The particular process for which we are providing 
the software engineering is of no great concern for 
this discussion. It does have a tight time constraint: 
the adjustments must be completed in 2000 
milliseconds. This is a rigid specification determined 
by the overall throughput rate of a multi-stage 
manufacturing machine. The machine’s concept re- 
quires us to allow a cycle of “look,” “calculate,” 
“adjust” to operate several times. The outcome will 
be either of two results. One result is a part which is 
within quality control specifications. The other result 
is a part that is tagged in memory for later assignment 
to the reject bin. As a result, our 2000 milliseconds 
are fairly busy. What this really means is that the 
analysis of the information we require has to be ac- 
complished in 100 milliseconds or fewer if our use of 
vision is to be practical. 

Our other technical constraints in this application 
are pixel resolution and accuracy. The pixel resolu- 
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tion has to be at least 128-by-128, with gray levels in 
binary form. The accuracy of the sensor’s map of the 
focal plane also has to be adequate. 

Since this project involves a manufacturing 
automation machine of some complexity, the 
economics allowed any of several systems in the 
$20,000-and-under class. The prime constraints are 
speed and resolution; a minor secondary constraint 
is compatibility with a particular, widely available 
microcomputer hardware bus structure. 

Over 100-by-100 Pixels in under 100 Milliseconds? 
Good Luck! That’s the reaction we got from a 
number of vision systems houses. Our problem, for- 
tunately, does not require an order of magnitude bet- 
ter than the best contemporary technology. The dif- 
ference is in the nature of our problem’s trade-off of 
generality versus a specific case. The nature of our 
actual requirement should serve as a guide to those 
who want to engineer usable vision systems. 

It turns out that our analysis is far from general: 
our application requires only a selection of two col- 


umns in the rectangular array of possible pixels. With 
this constraint, processing times under 100 milli- 
seconds are not impossible. Our minimum time is that 
required to capture a full frame at standard composite 
video rates. This minimum overhead is a worst case 
of 33 milliseconds (1/30 of a second). The exact in- 
terval depends upon image capture command phas- 
ing relative to the free-running clock of an unsyn- 
chronized camera. This leaves us roughly 66 milli- 
seconds to analyze the image following image capture. 

By requiring 100 milliseconds total, we rule out cer- 
tain forms of image-capture hardware. The image 
digitization must be done in real time, using direct 
memory access (DMA) techniques at video rates. One 
system we looked at, for example, proved totally in- 
adequate. It used a microprocessor to control the cap- 
ture of data and programmed loading of the pixel map 
in memory. This is a process which requires repetitive 
sampling carried out over many video frames. As a 
result, its minimum expected time to capture a 
relatively low-resolution, 128-by-128 pixel map was 
quoted at about 600-800 milliseconds. This was 


HI ~ Low CosTBiNARy Computer— Lj _ f EAXURCS - 



VisioN 


kiT— 

$69.99 



SOFTWARE 

Free — 


-CybERANIMATioN — 1500 KiT~ 


2 ) 


Simple keyboard interface 


Interfaces with Sinclair, TRS-80, 
Apple etc. and in most cases without 
soldering 

1 x 15 thick film array included 

Easy to write software 
(examples included) 

Can be used in conjunction with 
low cost robots 


b- 




The need for smart robots with sensory feedback is indisputable. Cyberanimation ® 

1500 vision kit allows you to expand your knowledge of computer vision through I 

experimentation. I 

Included in the vision kit is a linear 1x15 pixel array, all the electronics, LED I 

video display and PC board. You will also receive sample programs that will allow I 

you to immediately run the vision electronics with your computer. Included are: in- I 

structions on how to write programs and assemble the kit, lens and enclosure recom- | 

mendations, computer interface and lighting. I 

Until now this type of capability has been inaccessible to the individual. Today, | 

however, Cyberanimation 1500 vision kit is available for $69.95. Take advantage of | 

this unique offer by sending in the coupon along with a check or money order. Or | 

for faster delivery call (216) 666-8293 7 days a week 8-8:00, and use your MASTER 
CARD OR VISA. 


Mail To: Cyberanimation, Inc. 

4621 Granger Rd. Akron, Ohio 44313 


Item 


Price 


Amount 


1500 Imaging 
Kit 

$69.95 



Shipping and 
Handling 

$ 3.95 


3.95 

*U.S. dollars 

TOTAL 



Address 


CA 


City 


Zip 


f 
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EYES FOR ROBOTS 

Use the science of ULTRASONICS to give your robot vision. 
Bats use this technique to navigate. 



The ultrasonic Ranging System sends out bursts of high frequency sound 
waves which will reflect from objects in their path. The reflected "Echo" is 
detected by the electrostatic transducer and distance to the object is 
automatically computed and displayed. Interface this to your computer!! 

Uses: Robotics, Level Measurement, Vehicular Sensing Systems, Security 
Systems (makes a great intrusion alarm), Electronic Tapemeasure, etc. 

Polaroid's Ultrasonic Ranging System Designer's Kit contains: 
technical manual, two Polaroid instrument grade electrostatic 
transducers, a Polariod ultrasonic circuit board, an 
experimental demonstration board with LED display, 
two Polaroid Polapulse batteries, battery holder, and 
necessary wires and connectors. Complete and ready 
to use. $1 50.00 


TERMS: All items guaranteed. Immediate 
delivery from stock. Check, Money Order or 
C.O.D. - U.S. funds only. Add 3% for 
shipping and handling. (N.Y. State 
residents add 7’A% sales tax.) 



P.O. Box 56 
Bell port, New York 11713 
(516) 541-5419 


LOGIC 

STEPPING 

MOTORS 

These motors interface 
easily with TRS-80*, Apple II* 
and Sinclair ZX-81 computers. 
Schematics and test programs are 
included with each order, free 
of charge. 

TYPE TSM-1 Unipolar 
OPERATING VOLTAGE 5V DC 
HOLDING TORQUE 36 oz./in. 

STEP ANGLE 7.5 

WEIGHT 600 gm 
‘TRS-80 is a trademark of Tandy Corp. 




fit 





$41 95 ea 

■ ■ 2 for $20 00 
Cal. res. add 6% sales tax 
add $1.50 per TSM-1 shipping & handling 


‘APPLE II is a trademark of Apple Corp. 


NEW! 


TIP TRANSISTORS .99 each 
NPN Darlington w/internal 
clamping diodes 
65 Watts 

(Perfect to drive stepping motors) 

BLANK PROMS 

Can be used to control 
stepping motors 
SINK 100mA each 
SINGLE 5V SUPPLY each 
7603 32 x 8 PROM $1.95 

7621 512 x 4 PROM $2.95 

Cal. res. add 6% sales tax 

add 5% for shipping and handling 


STEPPING MOTOR 
CONTROLLER 1C S9.95 each 
UCN-4202A 

• 600mA internal 
power drivers 

• Single 5V supply 

• Schmitt trigger inputs 

• Open collector outputs 

• Transient suppression 
diodes on output 

• More features than SAA 1027 




- , os Alam..os cai' ,ornia 
BO* 176 (213 ) 596-3677 


o 

„n,a 90720 


Editorial 


before any image analysis was performed. 

The vision subsystem we finally specified was 
chosen on the basis of its ability to capture an image 
in a single video frame time. Its actual resolution was 
some 240-by-320 pixels, as set by the characteristics 
of the solid state camera being employed. So, within 
33 milliseconds of our “snap a picture” command, 
we have a memory array available with enough eight- 
bit pixels to say we have a “picture.” The nature of 
our problem, then, is to come up with an image 
analysis for our purposes in as little time as possible 
above the fundamental 33 milliseconds worst-case 
image-capture time. 

In Vision Software, Generality Takes Precious Real 
Time. One thing we can do without, in this particular 
time-limited problem, is generalized vision software. 
We have no need for a general analysis of the pixel 
array to identify object characteristics such as loca- 
tion, centroid, symmetry axes, perimeter length, hole 
count, and area. As in any problem, constraining the 
possible states of data reduces the complexity of the 
analysis. In our case, the geometry of the problem 
considerably reduces complexity. 

We are dealing with a manufacturing system with 
tight mechanical control over the scene to be in- 
spected. The same precision part is always tightly 
clamped in to the same visual field. The vision system 
is used to give feedback from a mechanical adjust- 
ment of this part. The only information needed is 
measured along two parallel lines in the visual field. 
Our analysis is really a pair of much smaller one- 
dimensional problems, not a generalized two- 
dimensional scene analysis. 

While we want to use a standard, readily available 
vision system, all we really need is two scan lines from 
the pixel array. Our recognition is in one dimension, 
along these scan lines. Since we already know what 
our object is, any puzzling results are grounds for re- 
jection. If time allows it, characterization of the usual 
state of the rest of the visual field may be tried on an 
experimental basis. Since we already know the object 
is properly oriented, all we have to do is define an im- 
age threshold level and then measure the width of 
regions above and below that threshold. The 
mechanical effects of an adjustment are seen as the 
width (in pixels) of measured visual regions above and 
below the current threshold. 

If the system were manufactured on a mass pro- 
duction basis, the general-purpose vision system is un- 
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necessary. Since all we need is two lines in the visual 
field, one of many linear array optical sensors could 
be substituted for the general-purpose camera and full 
video imaging system. In small numbers, however, 
a pre-engineered black box that is more general than 
needed works fine. It even allows the possibility of 
incorporating more general analysis later. 

The company selling the vision system tends to 
assume that general-purpose object acquisition and 
characterization is the definition of the vision system 
requirement. The whole point of the essay is thus: 
much can be done with vision, even if general-purpose 
vision software is not used. And much more can be 
accomplished on tighter time schedules when generali- 
ty is purposely sacrificed for speed. Similarly, resolu- 
tion and accuracy don’t always have to be of the 
highest priority if a simpler, less expensive sensor will 
do. Such trade-offs between generality and customer 
engineering are the most crucial judgements to be 
made by practitioners of robotics. Reader feedback 
and opinions are solicited on the subject of generali- 
ty versus specific solutions. □ 



1983 TOY ARM CONTEST 

With this issue’s feature by Mark Robillard on the 
adaptation of an inexpensive and widely available toy 
to robotics contexts, we’d like to announce a new con- 
test: the 1983 Toy Arm Contest. Ground rules are 
simple: 

We are looking for the most imaginative adaptation 
of the Tomy Toys Ar matron or any equivalent robotic 
toy in the under $100 price class. Such adaptations 
should be a significant enhancement to the use and con- 


Hanover Fair ’83, April 13-20 



Hannover, West Germany 


PRESENTS THE 
WORLD’S LARGEST 
EXHIBITION OF 
INDUSTRIAL 
ROBOTICS 


At Hanover Fair ’83, the world’s latest 
industrial robotics technology will be 
presented with working demonstrations of 
welding, painting, assembly, parts removal 
and many other operations. It will include 
systems, components and accessories. This 
is your opportunity to join the international 
robotics scene. Show your firm’s latest 
developments and get a complete update of 
the most recent advancements in Japan, 
Europe and around the world. 


HANOVER FAIRS 
INFORMATION CENTER 

Route 22 East, P.O. Box 338, 
Whitehouse, New Jersey 08888 
In NJ (201) 534-9044 

TOLL FREE (800) 526-5978 
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trol of the system. Mark Robillard’s article can be taken 
as a starting point — or prospective contestants might 
take their miniature Phillips screwdrivers in hand and 
analyze their operation from a completely different 
point of view. 

Key to all entries is that the arm must be interfaced 
reliably to computer control and then applied to some 
purpose. Purposes can range from playing chess to 
aiding the handicapped. Methods of interface can 
range from either of Mark’s nonintrusive methods, to 
complete reworking of the clutch control assemblies 
under the joysticks. Prime movers for control can be 
opposing solenoids, pneumatics, model aircraft servos, 
stepper motors, or what have you. The purpose is to 
illustrate methods of interfacing computers to 
mechanical systems with this low-precision toy arm as 
an object of discussion. 

Adaptations with a serious educational purpose will 
be greatly prized. One very high-priority class of adap- 
tation will be the kind which illustrates use of negative 
feedback from sensors of any kind (vision, sonic, 
mechanical, capacitive, and so on) to overcome the 
considerable mechanical backlash inherent in such in- 
expensive mechanics. We all know that as humans we 
can overcome the Armatron’s loose mechanical system 


— therefore it becomes a challenging demonstration 
of engineering skills to design a system which will do 
the same. Stretching the point a bit, we’ll consider any 
arm design which uses all or part of the original Ar- 
matron or equivalent. 

Entries for the 1983 Toy Arm Contest must be 
postmarked by June 30, 1983. All entries must be ac- 
companied by a descriptive text, photographs, and 
drawings, using publishable technical writing style as 
described in the Robotics Age Authors’ Guide. Prizes? 
A bound set of Robotics Age back issues will be award- 
ed to the winner(s) as evaluated by our editors. 


AUTHOR GUIDE NOW AVAILABLE 

We have now completed the first Robotics Age 
author guide. This 26-page document contains 
detailed information about technical writing in general 
and writing for Robotics Age in particular. Poten- 
tial authors can obtain a copy by sending a self- 
addressed, stamped envelope with enough postage for 
four ounces, first-class mail. 


Fluke 1780A Infolbuch Display 

New Touch-Sensitive Interface for 
Robotic Systems 



The 1780A Infolbuch Display is a versatile, touch- 
sensitive display that allows you to easily tailor the 
human interface of any robotics system to your 
customers’ requirements. Up to 60 different locations on 
the display can be software activated to respond to 
touch. So you can virtually reconfigure the front panel of 
your system for each different step of the program. This 
gives you better control of how the operator interfaces 
with the system throughout the entire operating 
procedure. 

The 1780A uses a standard RS-232-C interface and 
ASCII code, so it’s simple to integrate into your present 
or planned systems. And it’s also priced at less than 
$1500 in quantities greater than 100. Take a closer look 
at the advantages of Touch Sensitive Technology for your 
next factory automation system. Call us at 1-800-426-0361 
for more information. Or contact your local Fluke 
representative for a demonstration. 


IFLUKEI 

— — — — —— ® 


IN THE U.S. AND NON- 
EUROPEAN COUNTRIES: 
John Fluke Mfg. Co., Inc. 
P.O. Box C9090, M/S 250C 
Everett, WA 98206 
(206) 356-5400, Tlx: 152662 


IN EUROPE: 

Fluke (Holland) B.V. 

P.O. Box 5053, 5004 EB 
Tilburg, The Netherlands 
(013)673973, Tlx: 52237 


For more information circle no. 
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Join the robotics 
revolution now! 



With TeachMover, the 
low-cost, self-contained 
developmental robotic 
arm. 

Microbot's new Teach- 
Mover robotic arm brings 
unique freedom to robotics 
development with its exclu- 
sive 13-mode "teach control." 
This simple set of buttons lets 
you program complex rou- 
tines with ease — without 
having to learn languages or 
enter long commands. No 
other comparable unit has 
anything like it. 

Priced at only $2,395, the 
TeachMover is ideal for engi- 
neers, educators, and hobby- 
ists alike. It has: 

• Five axes of movement so 
that it closely simulates 
full- scale industrial 
robots 








■ 


Mr 






• An onboard microprocessor 
with RS232C interface to 
allow operation with most 
computers 

• A built-in "intelligent" 
gripper that can sense 
objects and their size 
Joining the robotics revolu- 
tion is easy with the TeachMover 
from Microbot. For more in- 
formation on the TeachMover 
and other Microbot products, 
call toll-free (800) 227-8909 

for the name of the Microbot 
representative nearest you. 

In California or outside the 
continental U.S., call collect 
(415) 968-8911. 


MICROBOT 

Microbot, Inc. 

453-H Ravendale Drive 
Mountain View, CA 94043 


Join the Microbot user group! 

Share your applications, software 
development projects, and ideas in a 
f newsletter offered free through no-cost 
membership in the Microbot user group. 
For details, fill out and mail this coupon to 
Microbot, Inc., 453-H Ravendale Drive, 
Mountain View, CA 94043. 


Name. 
(Title) _ 


(Company) 

Address 

Wr City 

State ZIP . 

Telephone 
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Media 

Sensors 


Electronic News 

19 July, 1982, page 11. 

TeleOperator Systems Corporation 
will introduce a general-purpose in- 
dustrial robot aimed at domestic 
machine tool manufacturers. A lifting 
capacity of 16 pounds and repeatability 
to within 0.004 inch will make the robot 
suitable for welding, machine loading 
and unloading, and intricate assembly 
operations. TeleOperator expects their 
robot line to meet 85 percent of expected 
robot tasks over the next five years. 


The Christian Science 
Monitor 
17 August, 1982. 

Robots suffer from joblessness, too . 
“Lured by forecasts of a . . . SI billion 
[market] by 1990, scores of firms jumped 
into the robot business.* * The reality is 
that, due to the current state of the 


economy, many companies are cutting 
back on machine orders. This has served 
to intensify the already fierce, com- 
petitive battle. 

Efforts to bolster sagging automobile 
and farm equipment sales promise to 
speed the development of new robot 
uses. The long-term outlook for the 
robot industry appears promising. Laura 
Conigliario, vice-president of Bache 
Halsey Stuart Shields, sees “no reason 
... to change my long-term trend.’’ 

The article states that the 1982 growth 
rate is half that of 1981. Estimates of 
total robot sales range from $195 million 
to $290 million. The introduction of 
many new companies to the industry has 
helped to increase sales. Another boost 
for sales is a switch in emphasis from the 
automotive industry to industries which, 
until recently, had not been considered 
as potential markets. Typical new 
market applications include food 
processing, electronics, and light 
mechanical assembly. 


Micro 

Systems 

Science 


Utilize the full potential 
of your mechanical marvel. 
Make use of what the 
microelectronics industry is 
offering you in control and 
sensory capability. 

Our expertise is in the 
development of 
sophisticated electronic 
control systems. What con- 
trol system application is 
more sophisticated than 
your ROBOT? 

It is well within the abili- 
ty of current technology to 


achieve such feats as 
simultaneous control of 
axis maneuvering, 
manipulator operation, and 
local and remote sensing 
with properly applied 
microprocessor systems. 

If you don't believe it- 
cafl as. 

4800 Kelley Elliot Road #27 
Arlington, Texas 76017 
(817)572-3953 


In summation, Philippe Villers, chair- 
man of Automatix, Inc., is quoted say- 
ing that, “advanced or intelligent robots 
have enormous potential and customers 
don’t want to put together the large 
teams [needed to design and build robot 
systems] themselves.’* 


IEEE Computer 

August, 1982, page 39. 

Imprecision in Computer Vision 
describes a heuristic approach to robot 
vision systems. Researchers realize that 
definite relationships cannot always be 
determined from the information enter- 
ing the vision system. Hard and fast 
analytic tools are not appropriate in a vi- 
sion system. 

Imprecision arises from many sources: 
illumination, surface properties, 
geometrical shape, viewing angles, and 
occlusion of objects by the vision 
system’s own parts or other objects. 
There are also problems associated with 
projecting the real, three-dimensional 
world onto a two-dimensional image and 
then attempting to extract three- 
dimensional information. The complex- 
ity of the information leads researchers 
towards the study and application of 
“fuzzy set” theory. 

In summation, the authors “believe 
that computer vision systems should ex- 
ploit approximate reasoning, oppor- 
tunistic procrastination, and knowl- 
edge. . .By combining fuzzy sets with 
probability (for handling uncertainty) we 
get a rich and compact methodology for 
approximate reasoning . ’ ’ 


Electronic Engineering 
Times 

2 August, 1982, page 2. 

Air Force Plans Three-Task Program 
for Applications of Robotics. The Air 
Force has issued a final request for pro- 
posals related to expanded work in its 
Man Tech robotics program. The new 
work, is part of a program seeking to 
make aerospace robotics more flexible 
and accurate. One covers extensions to 
MCL, an off-line Manufacturing-Con- 
trol Language which allows great flex- 
ibility in robot functions. The language is 
particularly applicable to robot systems 
which must be reprogrammed often for 
a variety of tasks. A second task covers 
adaptive control development to im- 
prove robot accuracy. Another task calls 
for a demonstration of innovative use of 
robots in aerospace manufacturing. 
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The Polaroid Ranging System* 

It will bring out the Newton, Franklin 



static tranducers, Polaroid POLAPULSE 
batteries, instructions— everything you 
need to bring out the Newton, Franklin 
and Einstein in you. To order, simply send 
in the coupon below and your check or 
money order for $150, plus applicable taxes. 


Polaroid Corporation, Battery Division 
Mail Stop 4P, 784 Memorial Drive 
Cambridge, MA 02139 

I can’t wait to get my hands on the Polaroid 
Ranging System. 

□ Please send me at $150 each (plus 

applicable tax). 

□ Please send me additional information. 


Name . 


Einstein in you* 

There's one definition of invention Isaac, Ben 
and Albert would agree on. Namely, that invention 
“is the power to conceive new ideas and relation- 
ships." And this is precisely the power that 
Polaroid’s Ultrasonic Ranging System Designer’s 
Kit puts at your fingertips. 

Ultrasonic and Ultrasensitive 

The Polaroid Ranging System is the same ultra- 
sonic system that automatically focuses our 
SX-70 Sonar cameras. It’s so sensitive it can detect 
the presence of a flower stem and measure distances 
from 0.9 to 35 feet away. But, what’s really amazing 
about the Designer’s Kit is its possibilities. They 
are as unlimited as your imagination. 

From Conservation to Computers 

For example, you might invent your own energy 
conservation system. Your Designer’s Kit can be 
made to accurately regulate things like your heating, 
air-conditioning and lights. Or hook-up your kit to your 
home computer, you’ll find your computer may be a lot 
smarter for it. Or set up your own very private home 
security system. Or measure any room in your house 
with electronic ease. 

Like we said, the possibilities are virtually unlimited. 

Order Your Kit Today 

Each Polaroid Designer’s Kit comes ready to use with 
pre-assembled circuit boards with LED display, electro- 


Address 

City State Zip 

Phone (Area Code) 

POLAROID' 

■ mmm mmmm - 1982 Polaroid Corporation “Polaroid” and “SX-70”® » 1 



CIRCLE 22 


ROBOTICS AGE Nov/Dec 1982 13 


Calendar 


AUTOFACT 4 
To Zero-in On 
Automated Factory 

Nearly 100 experts in computer-based 
technologies will make presentations at 
the AUTOFACT 4 Conference and 
Exposition at the Philadelphia Civic 
Center, November 29-December 2, 1982. 
The four-day high-technology conven- 
tion will cover all phases of automated 
production. AUTOFACT 4 is expected 
to attract a heavy turnout of manufac- 
turing executives and engineers. 

More than 100 companies will demon- 
strate equipment and systems used in 
computer-integrated manufacturing 
(CIM). Exhibits include CAD/CAM 
equipment such as interactive graphics 
and software, CIM control systems, 
automated assembly and fastening 
systems, computerized storage/retrieval 
and material handling systems, industrial 
robots, machinery diagnostic and sensor 
systems, and computerized test, measur- 
ing, and on-line inspection systems. 


For more information, contact: 
CASA/SME, One SME Drive, PO Box 
930, Dearborn, Michigan 48128. Phone: 
(313) 271-1500. 

SME Plans 
Conference 
and Exhibition 

The Society of Manufacturing Engineers 
announces MACH-TECH Interna- 
tional, a five-day world production 
equipment event to be held in Chicago, 
December 5-9, 1983. The first MACH- 
TECH International will be held at 
Chicago’s McCormick Place. MACH- 
TECH International will emphasize the 
latest high-technology developments in 
machine tools, controls, transfer sys- 
tems, and production engineering equip- 
ment from many countries. 

For more information, contact: SME 
Expositions Department, One SME 
Drive, PO Box 930, Dearborn, Michigan 
48128. Phone: (313) 271-0023. TWX 
810-221-1232 SME DRBN. 


Call for Papers for 
International Meeting 
on Advanced Soft- 
ware in Robotics 

Authors are invited to submit proposals 
for papers to be presented at the Inter- 
national Meeting on Advanced Software 
in Robotics to be held in Liege, Belgium, 
May 4-6, 1983. Software contributes to 
the essential qualities of robots, giving 
them higher dynamic performance, bet- 
ter perception of the environment, and 
improved adaptation to their tasks. The 
conference aims to be a forum for discus- 
sion between those involved in advanced 
software in robotics. Papers are re- 
quested on: control language, data ac- 
quisition in processing software, ar- 
tificial intelligence software, software 
reliability, kinematics and dynamics 
modeling, adaptive control, high level 
languages, distributed processing, com- 
puting aspects of sensing devices, and in- 
terfacing with the environment. 

Anyone interested in participating in 
this meeting should send name, title, 
organization, address, and proposed 
topics to: A.I.M., rue Saint-Gilles, 31, 
B-4000 Liege (Belgium) as soon as possi- 
ble. Text should be received by the pro- 
gram committee no later than Dec. 1, 
1982 and should not be longer than 20 
pages, single-spaced. Authors of ac- 
cepted papers will be notified by Jan. 31, 
1983, at which time they will receive in- 
structions for preparing the final copy. 

A discussion will follow presentation 
of the papers by their authors at the 
meeting. The proceedings will be avail- 
able as a paperbound book. 

Test & Measurement 
World Expo 

The second annual Test & Measurement 
World Expo will take place May 2-5 at 
the San Jose Convention Center in San 
Jose, California. The in-depth technical 
program is divided into 10 technology 
tracks. The technical program is de- 
signed to allow participants to attend two 
complete tracks. The 10 tracks are failure 
analysis, EMI/RFI evaluation, optical 
inspection, test software, subas- 
sembly/system ATE, component test, 
VLSI test, microelectronics measure- 
ment, test instruments, and communica- 
tions/microwave test. 

Continued on page 34. 
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UCLA Extension 


Smart Systems ^ 
and Human Factors in 
^ Battlefield Robotics 


A comprehensive short course covering high-payoff 
methodologies and technologies in the development 
of battlefield robots. 

January 11-14, 1983 / Fee: $745 

Methodologies: High-level command languages in 
operator-robot communication, robot task representation 
methods, sensor data fusion, interpretation and display 
methods, graphic portrayal of tactical situations, 
dynamic task allocation between operator and robot, 
and contingency handling methods. 

Technologies: Mobility concepts, sensor and manipulation 
subsystems and interactive hardware/software that provides 
augmented information handling, processing, and intelligent 
interface with various robotic functions. 

For a detailed brochure , contact Marc Rosenberg, 

UCLA Extension Short Courses, P.O. Box 24901, Dept. RA, 
Los Angeles, CA 90024; (213) 825-1047. 


J 
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ROBOT 

WRIST ACTUATORS 


Mark E. Rosheim 


417 Grand Ave., St. Paul, Minnesota 55102 


Richard Hohn, head of the Robotics 
Division at Cincinnati Milacron, says 
that, “The wrist actuator takes 90% of 
the creativity of the mechanical design 
of the industrial robot.” This statement 
reflects the feelings of many corpora- 
tions who hope to obtain a larger share 
of the industrial market by producing 
more mechanically sophisticated ro- 
bots. The ideal wrist is one which is 
compact, powerful, dexterous, and pre- 
cise. Most robots used in welding, 
material handling, paint spraying, 
assembly, and working in a cramped 
space or performing complex 
maneuvers would benefit from im- 
proved wrist design. 

This article’s goal is to help mechan- 
ical designers or engineers design im- 
proved wrist actuators which have three 
or more degrees of freedom. I will ex- 
amine the human wrist as a model for 
robot wrist performance, and the dif- 
ferent kinds of wrist actuators in cur- 
rent use and in the prototype stage of 
development. I will also try to an- 
ticipate future trends and suggest design 
criteria for wrist actuators. 

The Human Wrist. A sophisticated 
robot should have a wrist with at least 
the three degrees of freedom and range 
of motion of the human wrist. The 
human wrist (figure 1) is capable of 
moving the hand approximately 170 
degrees in the radial/ulnar deviation 
mode and approximately 70 degrees in 
the flexion/extension mode. It can also 
move in a compound of these modes. 


Figure 1 . The human wrist radial/ulnar deviation 
and flexion/extension motion (from Kapandji). 




Ulnar Deviation 




I 


Neutral 
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The entire wrist may be rotated approx- 
imately 270 degrees by the forearm 
muscles and the upper-arm muscles. 

The wrist is driven by muscles located 
away from the wrist. Tendons and arm 
bones communicate the muscle power 
to drive the compact group of bones 
that make up the wrist. This design 
allows for larger, more powerful 
muscles than can be in the immediate 
wrist area. 

Kinds of Robot Wrists. Robot wrist ac- 
tuators are typically divided into three 
categories: direct-drive hydraulic 
wrists, direct-drive electric wrists, and 
remotely driven mechanical wrists. 

The ideal robot wrist simulates the 
three functions of the human wrist. In 
aeronautical engineering terminology 
they are: pitch, yaw, and roll (figure 2). 
Current robot wrists have a pitch and 
yaw range of motion from 180 degrees 
to 230 degrees. “Tool plate” roll varies 
from approximately 240 degrees to 360 
degrees continuous rotation. A means 
of supplying the end effector, such as 
a gripper with pressurized air, for its ac- 
tuation is also important. 



Photo 1 . The old Cincinnati Milacron hydraulic 
wrist. Photo courtesy Cincinnati Milacron. 


Direct-drive hydraulic wrists usually 
consist of three hydraulic rotary vane 
actuators coupled together (photo 1). 
The vane actuator is a simple form of 
hydraulic motor which has a limited 
drive shaft rotation. These are widely 


ELBOW 

EXTENSION 



Figure 2. The three degrees of freedom of the robot wrist. 




J3 
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Figure 3 . The NASA anthropomorphic master/slave robot which is an outgrowth of the NASA hard 
space suit. 
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Figure 4. The NASA hard space suit. 


used in industry, which requires a 
powerful, compact, limited rotary mo- 
tion. (A new kind of hydraulic rotary 
actuator, “the Helac,” which is more 
compact than conventional rotary ac- 
tuators, is being offered by Weyer 
Machine Co.) 

The pitch actuator is attached to the 
forearm of the robot. The yaw actuator 
is connected to the pitch actuator’s 
drive shaft by a frame. The roll actuator 
drives the tool plate and is supported by 
a frame connected to the pitch ac- 
tuator’s drive shaft. (A complete, im- 
proved direct-drive hydraulic wrist is 
offered by Byrd-Johnson. Its im- 
provements include upgraded bearings 
and mechanical connections.) 

A tool plate provides a mounting sur- 
face for end effectors. In an effort to 
make a more compact configuration, 
some companies position the roll ac- 
tuator underneath the yaw actuator 
(photo 2). This shortens the length of 
the wrist but increases the overall 
diameter. Flexible hydraulic lines go 
from the actuators to servo valves 
mounted on the arm. Position sensors 
on the actuators provide position feed- 


back information for the servo loop. 
Removing the servo valves from the 
wrist and putting them down-line on the 
arm makes the wrist more compact. 
This causes a loss of precision, 
however, because of sponginess in the 
additional flexible lines. 

Potential advantages of this type of 
wrist include the wide availability of 
hydraulic vane actuators and their 
proven reliability. Hydraulic vane ac- 
tuators also come in a variety of sizes. 
Wrists using such actuators may be 
back-driven so that the operator can 
program the wrist’s motions of the task 
to be learned. This may be done on-line, 
in the actual work station. The ability 
to be back-driven is a very valuable 
feature in most applications which re- 
quire robots of near-human size. 
Larger robots are too dangerous to pro- 
gram by hand. 

One potential disadvantage is that 
the vane actuators have a very bulky 
profile because the yaw and pitch mo- 
tions occur in separate planes. The tool 
plate is further separated from the first 
axes of movement by its actuator. The 
flexible hydraulic lines create 


Photo 2. The DeVilbiss standard hydraulic paint 
spraying wrist. Photo courtesy DeVilbiss. 


sponginess in the hydraulic system and 
subsequent loss of precision. The hy- 
draulic line and position sensing wires 
add considerably to the bulkiness and 
may be subject to fatigue and abrasion. 
The hydraulic lines must be fed through 
or around the other joints in the robot. 
The potential leakage of the hydraulic 
seals and connections is another con- 
cern in environments that must be 
contamination-free. There are friction 
problems with a conventional ac- 
tuator’s bearings and potential 
backlash problems with the spline con- 
nection between the actuator and 
brackets which may cause loss of 
precision. 

Direct-drive electric wrists are not yet 
commercially manufactured. The use 
of electric motors in the wrist itself, 
however, may become more popular 
because of improved high-torque elec- 
tric motors using stronger, more power- 
ful, rare earth permanent magnets such 
as samarium cobalt magnets, and 
because of the growing number of all- 
electric robots. 

NASA has successfully used high- 
torque electric motors in the wrist of the 
Space Shuttle robot arm (photo 3). It 
employs electric motors in a configura- 
tion similar to that used in the previous- 
ly described hydraulic wrist, with the 
electric motors replacing the hydraulic 
vane actuators. Position sensors are 
located on the motor shafts to provide 
position information as in the hydraulic 
vane actuators. 

An advantage is that using electric 
motors eliminates some of the bulkiness 
caused by hydraulic lines in the 
hydraulic wrist. The Space Shuttle 
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Photo 3. The NASA Space Shuttle electrical robot 
arm wrist. Photo courtesy NASA. 


robot arm wrist uses flexible wires to 
transmit electrical power from power 
lines to the yaw and roll actuator. The 
use of electricity also eliminates poten- 
tial leaking and costly servo valves. 

Although it is more compact than 
hydraulic wrists, this particular con- 
figuration is still bulky. The pitch and 
yaw actuators are separated; that is, one 
motor is on top of the other. Placing yet 
another motor on top of the pitch and 
yaw motors further increases the 
bulkiness. As in all electric wrists, they 
cannot be used in potentially explosive 
environments, such as for paint 
spraying. 

NASA has developed an an- 
thropomorphic master/slave robot 
(figure 3), apparently an outgrowth 
from their hard space suit (figure 4). 
These concepts are intriguing, but I will 
discuss just the wrist actuator from the 
anthropomorphic robot (figure 5). 

It resembles an adjustable stove pipe 
fitting. Two tubular sections are con- 
nected together at an oblique angle by 
a ring bearing. Three internally 
mounted electric motors drive the wrist. 
(NASA has also considered using 
hydraulic motors in place of electric 
motors in their anthropomorphic 
robot.) Back-to-back to the drive 
motors are potentiometers and a 
tachometer, which provide position 
feedback information. For pitch mo- 
tion, the base motor rotates the entire 
wrist while the pitch motor rotates the 
second tubular section. The roll motor 
drives the tool plate to correct for its 


rotation caused by the wrist pitch 
motion. 

This design has a great range of mo- 
tion or working volume. The 360 degree 
continuous tool plate rotation increases 
the overall versatility of the wrist and is 
an advantage in applications requiring 
limitless rotation. Tools requiring con- 
tinuous rotation, such as a screwdriver 
or nutdriver, can be used with this 
feature. 

The NASA anthropomorphic wrist 
has a solid, sealed housing, which 
makes it very rugged. Pressurized air 
for the gripper can be supplied through 
the wrist internally, eliminating the 
need for an external tube and making 
the wrist even more compact. 


down. The entire wrist must first rotate 
90 degrees, putting the second wrist’s 
axis of rotation in the pitch actuation 
position (figure 7). This dwell, if long 
enough, would seem to make the wrist 
unworkable for paint-spraying applica- 
tions where a buildup of paint might oc- 
cur during the dwell time. This would 
also seem to make it unworkable in ap- 
plications in which the wrist must be 
able to move to any position smoothly, 
without having to slow down. The 
wrist’s power is limited to the size of the 
motor that can fit into the wrist. 

Remotely driven mechanical wrists 
are the closest mechanical analogy to 
the human wrist and, in my point of 
view, the most interesting of the new 



It is not possible to back-drive the 
NASA wrist, thus losing the capability 
for quick, on-line programming. With 
the inability of the wrist to be back- 
driven, the wrist has a considerable 
dwell time. This occurs when the wrist 
(figure 6) is directed to move up or 



Figure 6. An individual joint from the NASA 
hard space suit : yaw position mode. 
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Figure 7. An individual joint from the NASA 
hard space suit : pitch position mode. 


wrists. As in the human wrist, the actual 
power source for the actuation of the 
wrist is removed from the wrist area. 
Rotating drive shafts, linkages, and 
cables are used to provide a means to 
communicate the actuation power 
source to the wrist. The power source 
may be located in the forearm, arm, 
trunk, or base. Various power sources 
can be employed, such as electric 
motors, hydraulic motors, or hydraulic 
cylinders, with less concern for size and 
weight. This has been accomplished 
recently in two ingenious ways: the 
Flexiarm used by DeVilbiss and Graco 
and the 3-Roll Wrist developed by Cin- 
cinnati Milacron. 

The Flexiarm (figure 8 and photo 4) 
consists of four redundant gimbal rings 
connected together. Six hemispher- 
ical, concentrically grooved shells act as 
the two axis gears to communicate two- 
axis motion from one gimbal to the 
other. Two linkages connect at the first 
gimbal of the wrist. These move back 
and forth to drive the wrist up to 180 
degress in pitch/yaw motion. By rotat- 
ing the central supporting shaft, the en- 
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tire wrist may be rotated to provide tool 
plate roll of up to 370 degrees. Rotat- 
ing the whole wrist to provide tool plate 
roll is possible without changing its 
pitch and yaw position. 

Double-acting hydraulic cylinders 
drive the wrist linkages. In the 
DeVilbiss robot, the hydraulic cylinders 
are mounted in the arm. In the Graco 
robot, the hydraulic cylinders are 
located in the base of the robot, and the 
power is transmitted from the hydraulic 
cylinders, through additional cables, to 
the wrist. 

The Flexiarm is compact, making it 
useful in operating in cramped quar- 
ters, such as painting the inside of a fil- 
ing cabinet. It can be driven by low- 
cost, double-acting hydraulic cylinders 
and can be back-driven by the operator 
on the work site to program the wrist 
motions. 

The Flexiarm is complicated, how- 
ever, and has a large number of parts 
and mechanical connections, making it 
less reliable and precise than other 
mechanical wrists. 


The hemispherical two-axis gears are 
expensive and difficult to manufacture. 
The arm requires a flexible covering to 
protect the inner mechanisms. This 
covering is subject to fatigue and wear. 
The tool plate is a considerable distance 
from the first gimbal ring, causing a 
mechanical disadvantage and loss of 
mechanical efficiency. 

The 3-Roll Wrist (figures 9 and 10) 
essentially uses the basic principle 
originally developed by NASA, as men- 
tioned earlier. The difference is that the 
3-Roll Wrist substitutes a gear system 
in the wrist for NASA’s electric motors, 
so that it can be driven remotely. Three 
concentric drive shafts (figure 11) 
power the wrist by either electric or 
hydraulic motors at the top of the 
forearm. Having the motors removed 
from the wrist itself allows larger, more 
powerful motors to be put in the wrist; 
thus, a more powerful wrist is achieved. 

The solid center shaft (figure 10, 
reference 19) drives the tool plate 
through the four smaller bevel gears 
(references 21 through 25). The upper 


Photo 4. The Fiexiarm robot wrist in a partially 
rotated position. Photo courtesy NASA. 

hemispherical section of the wrist is 
driven by the second tubular shaft; this 
drives the bevel gear (reference 17) that 
meshes with the large ring bevel gear 
(reference 18), which is attached to the 
upper hemisphere. The ratio between 
these two gears gives an important 
speed reduction. 

The 3-Roll Wrist has a great range of 
motion — 230 degrees pitch and yaw. 



Figure 8. Flexiarm robot wrist marketed by DeVilbiss and Graco. 
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Figure 9. The Cincinnati Milacron 3-Roll wrist attached to the original hydraulic robot. 


It can also continuously rotate the tool 
plate through 360 degrees. Using dou- 
ble preloaded bearing throughout its 
construction helps to make it extreme- 
ly precise, giving the robot a position- 
ing error of plus or minus .020 index. 

This rugged wrist has a sealed, solid, 
metal housing filled with oil. It is very 
efficient mechanically because of the 
close proximity of the tool plate to the 
axis that drives it. The wrist has an in- 
ternal passage for pressurized air to 
power a gripper or other end effectors, 
eliminating outside air supply tubes. 

The wrist cannot be back-driven, 
thus losing a valuable programming 
method. As with the NASA an- 
thropomorphic wrist, a considerable 
dwell time occurs when the wrist moves 
through certain positions. 

Future Trends and Design Criteria in 
Wrist Actuators. I believe that a 
mechanical wrist which can be driven 
remotely is the way of the future. 
Larger, more powerful, drive sources 
can be employed if they are removed 
from the wrist. 

The capability to back-drive the wrist 
for manual on-line programming is a 
desirable feature. Back-driving allows 
fast, easy programming for operators 
who may not be skilled in computer 
keyboard programming operations. 

A mechanical wrist is inherently safe 
for work environments in which there 


is danger of explosions. These situa- 
tions require that inherently explosive- 
proof drive sources, such as hydraulic 
motors or hydraulic cylinders, be used. 

Placing the pitch and yaw axes as 
close to each other as possible for 
mechanical efficiency and overall wrist 
compactness is important. This is a ma- 
jor problem with hydraulic wrist ac- 
tuators. Keeping the tool plate close to 
the pitch and yaw axes further increases 
compactness and efficiency and gives 


proportionately greater wrist strength 
and precision. 

The more range of motion of the 
pitch and yaw axes, the larger the work- 
ing volume and therefore, the more 
useful and versatile the wrist. The large 
working volume and continuous tool 
plate rotation achieved by NASA and 
Cincinnati Milacron are features that 
should become standard and be offered 
in wrists of the future if the manufac- 
turer wishes to remain competitive. 

Having as few parts in the wrist and 
having them play as many roles as 
possible is a useful goal. Clever use of 
cams, gears, linkage, ball-and-socket 
joints, or perhaps universal-joint con- 
cepts will accomplish this. The Flexiarm 
wrist is an example of a wrist using 
rather exotic components. 

When using gears in the wrist, have 
as few meshes as possible to decrease 
backlash and achieve a speed reduction 
with every mesh so that there is max- 
imum drive-shaft rotation or linkage 
movement for every degree of wrist 
movement. Doing this increases the 
power and precision that can be 
transmitted through the driving means. 

A sealed, solid housing, as the Cin- 
cinnati Milacron 3-Roll Wrist has, 
seems ideal for ruggedness, low 
maintenance, and long life. A flexible 
covering would seem to be unsuitable in 



Figure 10. A cross-sectional view of the Cincinnati Milacron 3-Roll wrist in the top: straight bottom: 
rotated position. 
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a wrist performing welding. Corrosive 
chemical or abrasive environments 
could also eventually damage a flexible 
covering. 

There are many ways to transmit 
power from the drive source to the 
wrist. The triordinate shaft system that 
Cincinnati Milacron uses in their 3-Roll 
Wrist is compact and conveys the rotary 
motion from the motors to the wrist 
precisely. Push-pull rods operating in 
linear modes, such as the Flexiarm uses, 
is another method. ASEA Robots also 
use push-pull rods but in a sophisticated 
four-bar linkage arrangement in which 
the rods operate in a cranking motion. 
Flexible steel cables have been used by 


Graco in their new paint spraying 
robot, but I feel the use of cables in a 
heavy-duty robot is impractical because 
of cable stretching that would lead to a 
loss of precision and increased mainte- 
nance required for the robot. Parallel 
rotating drive shafts, such as Unima- 
tion uses, may also be considered. □ 
NOTE: Copies of U.S. patents may be ordered 
from: Commissioner of Patents and Trademarks, 
Washington, D.C. 20231. Enclose $1.00 per 
patent. 
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■ RTROL: ROBOT CONTROL LANGUAGE 

A language (compatible with "Teach-in" programming) 
which allows program decisions based on any of the 
input conditions. 

RTROL programs can be easily created, displayed and 
edited with a built-in keyboard, alphanumeric display 
and printer. 


■ DURABILITY: The RC-101 is constructed to with- 
stand practical industrial use. 


■ FLEXIBILITY TO CONTROL DIFFERENT 
ROBOTS: The RC-101 is currently offered with soft- 
ware for driving Mitsubishi's rm- 101 "Movemaster" 
micro-robot and Sandhu Machine Designs' XR-i 'Rhino:' 
Software for other robots is forthcoming. 


■ REMOTE KEYBOARD OPTION: For special applications or education purposes the 


EASE: The RC-101 simplifies 
robot programming and 
operation by combining 
manual "Teach-in" program- 
ming, decision making capa- 
bilityand numerous interfaces in one unit. 


■ REAL WORLD INPUTS/OUTPUTS: 

Standard features of the RC-101 include six TTL level or micro-switch inputs, four 
photocell inputs with adjustable sensitivity and two contact closure outputs 


■ CASSETTE PROGRAM STORAGE: This 
built-in feature allows control programs to be saved or 
loaded with a cassette storage interface. 


RHINO 


XR- 


K/IACHINE 


DESIGN 

INC. 


RM-lOl 

Movemaster 


MITSUBISHI 

MICRO-ROBOT 


RC-101 can also be programmed in extended RBASIC with an optional remote keyboard. 


Order these fine products from . . 


STANDARD RC-101 $2260. 

MITSUBISHI'S' 'MOVEMASTER”. . $2340. 
SANDHU'SXR-1 $2400. 


Ill EAST ALTON AVE., SANTA ANA, CA 92707 (714) 556-8679 


Dealer inquiries are welcomed. 


J 
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PATENT PROBE 

Heating Apparatus Having 
Voice Command Control 


Russ Adams 
3008 Mosby Street 
Alexandria, Virginia 


The first two Patent Probes dealt 
with inventions which fit the definition 
of robots propounded by the Robot In- 
stitute of America. The Institute defines 
a robot as: 

A reprogrammable multifunc- 
tional manipulator designed to 
move material , parts , tools or 
specialized devices , through 
variable programmed motions for 
the performance of a variety of 
tasks. 

Both expert and layman are inclined to 
accept this definition — It needs an 
arm! 

In my opinion, such a definition is far 
too restrictive. I prefer the definition 
found in The Random House College 
Dictionary , Revised Edition. They 
define a robot as: 

Any machine or mechanical device 
that operates automatically with 
humanlike skill. 

It is the machine’s intelligence, not its 
appendages, which ranks it in Genus 
Robotica. 

I believe that the ambulatory home 
robot is an inefficient application of 
robotics for the home. A set of in- 
telligent home appliances placed 
throughout a computer-controlled 
house would be far more efficient. 

One such intelligent home appliance 
is that which falls under U.S. Patent 
number 4,340,800, issued July 20, 1982 
to Shigeki Ueda and Teruhisa Takano 
of the Matsushita Electric Industrial 
Company located in Kadoma, Japan 
(see figures 1 and 2). The invention, 
titled “Heating Apparatus Having 
Voice Command Control Operative in 
a Conversational Processing Manner,” 


Editors’ Note: Figure numbers are those found 
in the original patent document. 


relates to a microwave oven which the 
operator controls by spoken commands 
rather than by pushing buttons. 

Many modern microwave ovens re- 
quire an operation sequence which is 
specific to the food being cooked. If 
frozen meat is to be defrosted, for ex- 
ample, it must be first heated at low 
power, left to stand, and then heated at 
high power. In addition, the period of 
time of each stage of the defrosting cy- 
cle varies with the weight of the meat. 
Such a complex heating sequence nor- 
mally requires entering the time and 
power through a keyboard. The keying 
operation can be quite complex and is 
therefore prone to error. 

One attempt to reduce the complex- 
ity of data entry used sets of cooking 
cards, each with a magnetic band on 
which the data was stored. These cards 
were inserted into a card reader built in- 
to the oven, and the data was read. This 
solution had its problems. The cards 



were sometimes misread with damaging 
results to both the food and the oven 
mechanism. The cards were also easily 
lost or misplaced. 

The unique interactive voice control 
system of Ueda’s and Takano’s inven- 
tion simplifies the oven programming 
process. The inventors recognized that 
the present state of voice recognition 
technology does not always provide ac- 
curate interpretation of spoken com- 
mands. This lack of accuracy is even 
more of a problem when more than one 
operator will be giving the commands. 
With their invention, spoken com- 
mands are used in a reliable microwave 
oven control system. The operator can 
confirm the correct interpretation of 
the spoken command before the oven 
executes it. 

After the operator gives the com- 
mand, the system intreprets it and finds 
the best match among its prestored list 
of command voice patterns. The 



Figures 1 and 2. A perspective view of the intelligent microwave oven of Ueda and Takano. 
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SEEQ SETS 
ANEW STANDARD 
FOR 5 V E 2 ROM. 



L the standard that eliminates the 
remaining obstacles to E 2 design. Because 5 volt 
Electrically Eraseable ROMS are finally available 
and cost effective. 

This ad and $9.95 will get you a 5213 5 volt 
E 2 ROM at any Schweber Electronics location* 
And thats just the beginning. For orders placed 
after July 1, 1983, we’ll meet your production 
needs (25,000 units minimum) at that same price. 
So you’ll have enough fast (350 ns read, 1 ms 
single byte write), reliable (10,000 cycle write 
endurance), and cost effective 5 volt E 2 ROMs to 
implement any application you can think of. 

Here’s a good reason to think of one now. 

$9*95 can get you a Porsche. 

SeeQ will award a 1983 Porsche 944 to the 
winner of our 5213 16K E 2 Applica- 
tion Contest. 

Imagine an application that 

•Offer limited to two 521 )s per person. See Schweber for details. 


demands E 2 s combination of nonvolatility and 
in-circuit alterability. Like remotely programmable 
PBXs. Process control monitors that compensate 
for mechanical wear. Or juke box controllers that 
tell servicemen to replace worn records. 

Whatever your idea, build it, test it, and send 
us the schematic before January 10, 1983. If your 
design is judged the best, you’ll drive to your next 
project meeting in a Porsche 944. 

Complete rules and entry forms are available 
from your local Schweber Electronics location. 

Or contact SeeQ Technology, 1849 Fortune Drive, 
San Jose, California 95131. Telephone (408) 
942-1990. 

But whether you win or not, designing 
with our 5 volt 5213 will put you in the driver’s 
seat. Because in setting standards for E 2 ROMs, 
SeeQ is more than a little ahead. 

In fact, it’s no contest. 
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machine then outputs a synthetic voice 
which makes a statement or asks a ques- 
tion related to the interpretation of the 
command. 

From the contents of the statement 
or question, the operator can determine 
if the oven correctly understood the 
command and verbally respond to the 
statement or question. The oven ap- 
paratus then interprets the response and 
either proceeds with the command ac- 
tion or cancels the action and awaits 
another command. By such a two-step 
process, the problem of an incorrectly 
interpreted command causing damage 
is reduced to a minimum. 

The control system consists of a 
voice input device, such as a micro- 
phone, and a voice pattern analyzer 
which converts the analog voice signal 
to a digital representation. The digitiz- 
ed output of the analyzer is stored in a 
memory buffer. The system contains a 
reference voice pattern memory which 
stores a set of voice commands. A 
recognition circuit compares the pat- 
tern in the buffer memory with the 
reference patterns and produces an out- 
put when the affinity is above a preset 
level. A voice synthesizer system re- 
sponds to the output of the recognition 
cirucit and generates a verbal question 
or statement related to the interpreted 
command. A main command circuit 
controls the sequence of operation of 
the apparatus. 


The Algorithm. The cycle of operation 
proceeds through four modes (see figure 
13). The first is the voice recognition 
mode, which receives a voice command 
and processes it. The second is the voice 
synthesizing mode in which a voice out- 
put signal is generated to ask the user to 
speak a second voice command. The 
third is a second voice recognition mode 
in which only a limited number of 
responses to the synthesized question 
are recognized. The fourth is an action- 
taking mode in which the oven executes 
the command or cancels it. 

When the oven is switched on, the 
device enters the first recognition mode 
and waits for any voice command to be 
received by the microphone. If the com- 
mand “roast beef” is spoken, for ex- 
ample, the sound is subjected to pattern 


analysis. The recognition circuit per- 
forms an analysis of all expected com- 
mands and produces a degree-of- 
correlation signal. When this signal ex- 
ceeds a set level, the voice synthesizer is 
activated to produce a voice response. 
In this case, the response would be 
“medium?” which has relevance to the 
command “roast beef.” During voice 
synthesis, the recognition circuit is 
turned off so it will not be activated by 
the synthesized voice response. 

After the synthesized question or 
statement has been generated, the ap- 


paratus enters the second voice recogni- 
tion mode. In this second stage of 
recognition, the oven recognizes only a 
limited number of responses. In our ex- 
ample, the apparatus expects the 
operator to say either “yes,” “well- 
done,” “rare,” or “pardon?” Com- 
mands like “defrosting” or “ham- 
burger” are not recognized. 

If the second-level commands “yes,” 
“well-done,” or “rare” are recognized, 
the necessary heating sequence is preset, 
and the apparatus waits to hear “start” 
before carrying out the command. If 

Continued on page 52 



Figure 13. Program flowchart detailing the general steps in interpreting and executing the voice 
commands. 
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The problems associated with mak- 
ing robots interact with people in a 
human fashion are vast. Consider the 
final goal of such interaction to be the 
construction of a robot with all of the 
sensory input of a human being (sight, 
hearing, touch, smell, and taste). 

The robot must be capable of 
manipulating objects in its environment 
in a manner that involves understand- 
ing input from each of its sensors as well 
as planning sequences of actions. This 
ultimate goal, while difficult, can be ap- 
proached in stages if the software is 
constructed in a manner similar to 
building a pyramid. 

The top block of the software 
pyramid is the ultimate goal of the in- 
telligent machine. This goal is sup- 
ported by many other pieces, or 
subgoals. Such support software in- 
cludes programs that gather data from 
the sensors, extract features (character- 
istics) from the sensory data, recognize 
certain sensory inputs by associating 
new inputs with previous experiences, 
and plan and execute sequences of ac- 
tions based on the state of the robot’s 
world and the desired state at some 
future point. 

This article describes a working set of 
software that accomplishes these four 
subgoals in a very restricted domain 
known as the blocks world. The ap- 
proach should be viewed primarily as a 
model for the modular design of an in- 
telligent robotics system. Any one of 
the pieces can be modified to alter the 
performance of its particular function. 

The system is used in the artificial in- 
telligence course at the University of 
Wyoming as a model for building soft- 


ware that incorporates feature extrac- 
tion, pattern recognition, and action 
planning. The top goal in the particular 
software is the ability to command 
verbally a robot arm that can visually 
examine its environment. 

The Robot System Hardware. A por- 
tion of the blocks world is shown in 
photo 1. 

The robot arm is a Minimover-5, 
manufactured by Microbot, which is 
controlled by six stepper motors. The 
arm is radially jointed at its base for 
rotation, at its shoulder and elbow for 
extension, at its wrist for pitch and roll, 


and at its hand for opening and closing. 
It has a single sense switch to detect if 
the hand is grasping an object. 

The eye of the robot is a vidicon (tele- 
vision camera) connected to an image 
digitizer. This digitizer gives the robot 
a matrix image of its world. The matrix 
is 256 rows by 256 columns. Each 
matrix element (pixel) is a number rep- 
resenting the light intensity at a point in 
the scene. These values range between 
0 (black) and 15 (white). 

The robot ear is a microphone con- 
nected to a speech digitizer. The speech 
digitizer provides four values. The first 
three values are numbers proportional 



Photo 1: A view of the blocks world. The Minimover-5 robot arm moves the high-contrast blocks 
around on the white table top. The blocks are viewed by a television camera connected to a 256-by-256 
pixel video digitizer. The entire system is controlled by a Cromemco System 3. 
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to the amounts of energy in the frequen- 
cy ranges 1 50-900 Hz, 900-2200 Hz, and 
2200-5000 Hz. The fourth parameter is 
a value proportional to the number of 
times the speech waveform crosses a 
certain reference voltage/unit time. 


Visual Information Processing. A 

single scan of the entire viewable area 
(about 30 by 40 centimeters) is made 
during the visual processing phase. 
During the first scan pass, the system 
merely attempts to locate candidate pix- 
els that could be part of a larger object. 
The initial scan examines the grid (pix- 
el values) formed when the viewing area 
is divided into approximate 
1.5-centimeter units. The scan tests 
each grid element to determine if it is 
less than some threshold value. Since 
each block (exclusive of the letter 
painted on it) is quite dark relative to 
the table top, this test roughly locates 
the blocks. If the test condition is satis- 
fied, that pixel is a candidate for inclu- 
sion in a larger object region (block) 
during the second pass. 

Once an object candidate pixel is 
identified, a search window around that 
pixel is examined. The size of the win- 
dow is variable. In general, the window 
size is based on the maximum size of the 
objects that are expected in the scene. 
The object boundaries that may exist 
within the window are sought by scan- 
ning each row of pixels from left to 
right and then from right to left. 

Negative gradient transitions of large 
magnitude (going from a very light area 
to a very dark one) are used as the cri- 
teria for defining the outer edges of the 
objects. It is important to note that, in 
this initial configuration, two objects 
must not be placed so close together 
that they appear in the same candidate 
scan window. The information gleaned 
from this process is a set of boundary 
pixels for the objects. 

The third pass seeks the boundary of 
the character within the previously 
described object region. The object 
region is scanned left to right and right 
to left, like the second pass, with high, 
positive gradients as the boundary for 
the (light colored) letter on the (dark) 
block. Figure 1 illustrates the bound- 
aries derived in the first three passes. 


Feature Extraction. At this point, the 
feature extraction phase proceeds. The 
primary purpose of feature extraction 
is deriving from the data a set of 
characteristics that is representative of 
that particular object. For example, the 
letter I is “thin” and the letter O is 
“round.” Both thinness and roundness 
can be expressed as mathematical quan- 
tities using many different techniques. 
One technique is the use of second cen- 
tral normalized moments. 

Suppose you construct a letter I and 
a letter O from pieces of steel. Assume 
that the letter I is one meter in length 
and 10 centimeters wide and that the let- 
ter O is a perfect circular ring 10 centi- 
meters wide and one meter in diameter. 
Consider what happens if you rotate the 
I about its two main axes. It takes con- 
siderably more effort to rotate the I 
around the axis with the shorter length 
than it does to rotate the I around the 
axis with the greater length. The 


amount of effort required is propor- 
tional to a quantity called the second 
central moment. 

For the letter I, the maximum second 
central moment is very large compared 
to the minimum second central mo- 
ment. For the letter O, on the other 
hand, the moments are the same. Figure 
3 illustrates the second central nor- 
malized moments for various letters of 
the alphabet that were used in the 
robot’s world. The minimum moments 
are on the bottom axis, and the max- 
imum moments are on the vertical axis. 
This chart illustrates a two-dimensional 
“feature space” and is the basis for the 
visual recognition that follows. The 
class that is chosen as the identity for an 
unknown object is the class that is 
closest to the unknown in the feature 
space. If you are interested in the for- 
mal definition of the mathematical 
computations involved in the feature 
extraction process, refer to Pattern 
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Figure 1: Boundaries derived in passes 1, 2, and 3 for the letter A. The varying intensity levels 
are shown with relative hexadecimal values. 
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Recognition Techniques in Cloud 
Research. (See Reference p . 33) 

The second central normalized 
moments CM02P and CM20P are com- 
puted for the bounded character as 
shown in the equations below. 


Others such as H and N, however, are 
very close together in the feature space 
and are easily confused. Thus, second 
central normalized moments are 
generally not sufficient for proper let- 
ter identification. Other features 


Equations 


B(2) b(i,2) 

A = X X g(i,j) 
i = B(l) j = b,(i,l) 


1 B(2) b(i,2) 

CN = A 2 I i p j q g(i,j) 

i = B(l) j = b(i,l) 


1 B(2) b(i,2) 

CM = A ^ 2! (i _ CN |0 ) p (j - CN 0| ) q g(i,j) 

i = B(l) j = b(i,l) 


6 = tan 1 


— 2 CM n 
^^20 ~~ ^^02 


cm; 0 = ( 


^^20 + ^^02 


) * ( 


^^20 ^^02 


cos 26 - CM n sin0 


CM 02 = (CM 20 -CM 02 ) - cm 20 


CMjq and CM 0 ' 2 are the maximum and minimum second central moments that define the 
feature vector for each character. Theta (0) is the angle of orientation of one of the letter’s 
principal axes. A more complete description of the derivation for these formulas is given in 
Pattern Recognition Techniques in Cloud Research cited in the list of references on page 33. 

The values B(l) and B(2) are the indices of the bottom and top edges of the pass three boun- 
daries. The values b(i,l) and b(i,2) are the indices of the left and right edges of the pass three 
boundary on line i. The grey-scale value of the pixel at row i, column j is represented by g(i,j). 


The ordered pair (CMq2P» CM 20 P) 
is treated as a two-dimensional feature 
vector. It is compared with the average 
feature vectors of previously learned 
samples of randomly oriented blocks 
that have been presented in a training 
session. The letter with the minimum 
Euclidean distance from the unknown 
sample is chosen as the class with which 
the unknown letter should be as- 
sociated. 

This method alone is insufficient to 
properly recognize a letter. Figure 2 
shows that certain letters are relatively 
isolated in the feature space (I, A, E, O, 
for example) regardless of orientation. 


beyond the scope of this article are 
necessary for complete separation of 
classes. 

After the feature information is ex- 
tracted from the digitized picture, the 
location and orientation of the block is 
recorded. The direction of the max- 
imum normalized second central mo- 
ment is taken to be the axis of the block 
with which the robot hand will even- 
tually align. This is a reasonable con- 
straint for cases in which the letters have 
one axis of bilateral symmetry (for ex- 
ample, A, B, C) that is perpendicular to 
two sides of the block. It causes prob- 
lems, however, with letters such as F or 
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N. The location of the first order 
moments (center of gravity) of the 
block boundary is recorded as being the 
approximate set of coordinates to which 
an open hand should be positioned 
prior to grasping the block at a later 
time. As you will see in the later section 
on robot control, the actual position is 
altered as a result of the robot sensing 
the block while closing the hand. The 
recorded coordinates are relative to 
three calibration markings that permit 
correlation of pixel coordinates and 
robot table coordinates. 

Speech Processing. The robot derives 
its verbal input from three bandpass 
filters and a zero crossing detector. 


Figure 3 shows typical data plots for the 
words “stack,” “erase,” “cancel,” 
“terminate,” and “relearn.” The 
horizontal axis for each graph is the 
number of 10ms time intervals since the 
beginning of speech. The vertical axis 
is a value proportional to the energy or 
number of crossings during the interval. 

As an example, consider the plots for 
the word “terminate.” The zero cross- 
ing detector notes two sharp spikes that 
occur at the “t” sounds in the frame. 
The low-pass filter contains the most in- 
formation (since the speaker had a low 
voice), with three prominent peaks oc- 
curring during the three syllables of the 
word. The word “erase,” on the other 
hand, shows only one peak in the low 


frequencies since the “e” sound is in the 
higher range. Figure 4 shows that words 
which sound similar (hello, mellow, 
and yellow) also have similar data plots. 
For this reason, dissimilar sounding 
commands were chosen to maximize 
the likelihood of correct recognition. 

All spoken commands must begin 
with a verb and end with a period. The 
speaker acknowledges that all words in 
the sentences have been properly recog- 
nized by saying the word “period.” 
Once the word “period” is recognized, 
the robot starts to plan its actions based 
on the other words in the sentence. If 
words are incorrectly recognized, the 
speaker can say “erase” to cause the 
robot to forget the most recently 
spoken words in the sentence. The en- 
tire sentence can be deleted by the word 
“cancel.” The word “relearn” causes 
the robot to enter training mode. The 
robot prompts the speaker to speak im- 
properly learned words. 

The block manipulation commands 
are designed to facilitate any valid con- 
struction of blocks on the table. The 
types of commands that the interactive 
robot can process are illustrated by the 
following spoken phrases: 

• STACK — Build a stack of all blocks, 
with the first block found on the 
bottom and subsequently found blocks 
higher in the stack. 

• LIFT BLOCK (letter) — Grasp the block 
with the specified letter on it and hold it 
until another command is given. 

• LOWER ONTO BLOCK (letter) — Take 
the currently grasped block and place it 
on top of the indicated block. 

• LOWER ONTO THE TABLE — Get rid of 
the block being grasped by placing it at a 
clear spot on the table. 

• ERASE — Erase the last word recognized 
in the sentence. 

• CANCEL — Cancel the entire sentence. 

• RELEARN — Relearn a word (usually one 
that is incorrectly recognized). 

• TERMINATE — Stop processing and re- 
turn control to the operating system (after 
getting rid of any blocks that may be in the 
gripper). 

The speech recognition system uses 
template matching, in which known 
samples are compared against each 
spoken word. Template matching is 
analogous to measuring the closeness of 
one waveform to another. In figure 4, 
if the (vertical) difference at each point 



Figure 2: The two-dimensional feature space for the letters A through O, with orientations at 0, 
45, and 90 degrees. 
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in time is computed between an 
unknown sample of speech and stored, 
known words, then the unknown 
should have a minimal difference from 
the known with which it should be asso- 
ciated. For example, the words “erase” 
and “terminate” would match poorly 
with each other since their waveforms 
differ significantly in each of the four 
parameters considered. More formally, 
the template with the minimum differ- 
ence D(k) is chosen as the identity of the 
unknown speech sample. 

NS NP 

D(k) = 1 I | T(i,j,k) - U(i,j)| 
i=l j=l 

where: NS is the number 

of speech samples 

NP is the number 

of speech parameters ( = 4) 

T(i,j,k) is the ith sample of 

parameter j for template k 

U(i,j) is the ith sample of 

parameter j for the 
unknown phrase 

Robot Command Processing. Once a 
verbal command is recognized, the 
robot arm control software attempts to 
execute the specified action. After the 
visual processing pass is completed and 
the verbal command sequence is in- 
itiated, the system does not process 
visual information again. Thus, there 
must be internal representations of the 
high-level structures (blocks) in which 
positions and orientations are updated 
as the physical structures are 
manipulated by the arm. The conse- 
quences of various actions are best il- 
lustrated by a sample conversation in 
which the blocks on the table are A, B, 
and C. 

1 . STACK causes the stack consisting of A, 
B, and C (bottom, middle, and top, 
respectively) to be constructed. This com- 
mand is illustrative of the manner in which 

the true location of blocks is forced by the 
hand. Before B is lifted to be placed upon 

A, the hand plans a move in which it grasps 

block A such that the hand is aligned with 

the major normalized second central mo- 

ment axis. Following the first grasp (which 

is terminated when the gripper switch ac- 

tivates), the hand opens fully, rotates 1 * * * * * * * * X A 

turn (90 degrees) and grasps the block 

about the other axis. In the process of grip- 


ping the block about its two major axes, 
the block usually shifts slightly in each 
direction, since one side of the hand will 
probably come in contact with the block 
before the other due to the fact that the in- 
itial position of the block is approximate. 
This action compensates for inaccuracies 
in position that may have arisen due to the 
inclusion of short shadows in the bound- 
ary of the object. 

Following the positioning of block A, 
block B is grasped in a similar manner, 
lifted and placed atop block A. Typical er- 
rors in this action are less than 1 .5 mm bet- 
ween the faces of the blocks as they rest on 
one another. Finally, block C is put on top 
of the entire stack. 


2. LIFT BLOCK B causes block C to be 
grasped (since it is on top of block B), 
lifted, and lowered onto a vacant spot on 
the table. This action is followed by the 
grasping and lifting of block B. 

3 . LOWER ONTO C causes two stacks to be 
created: a single block stack consisting on- 
ly of A, and a two block stack consisting 
of B on top of C. 

Although the robot does not visual- 
ly examine its environment again, it 
stays fully aware of the state of the 
world by updating location tags 
associated with each object seen in the 
visual pass. It does this by recording the 
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Figure 3: The template plots in each of the speech digitizer parameters for the words stack, cancel, 
terminate, and relearn. 
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rectangular coordinate (X,Y,Z), the 
angular orientation in the XY plane, 
and the size of the block for each (let- 
ter) tagged object in the visual field. 

Move planning is critical to avoid col- 
lisions between the hand (and objects 
that the hand may be holding) and ob- 
jects that are resting on the table or on 
other blocks. The mechanism of pro- 
cedural representations for key com- 
mands is similar to that employed by 
Winograd in that specific words (e.g. 
“lift,” “lower”) trigger environment 
testing prior to command execution. 


The command itself usually causes hier- 
archical execution of subcommands. 

Consider a case in which the hand is 
grasping block A and the table has the 
stack with B on the bottom and C on its 
top. If the command LIFT BLOCK B 
is given, the robot must plan to: 

1 . find a space on the table. 

2. put block A on the space. 

3. pick up block C. 

4. find a space on the table. 

5. put block C on the table. 

6. lift block B. 


LOW PASS FILTER MID PASS FILTER HIGH PASS FILTER ZERO CROSSING DETECT RAW SPEECH 



Figure 4: Plots of the speech digitizer parameters for similar sounding words “hello” (spoken three 
times), “mellow,” and “yellow.” 
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This planning method is quite similar 
to Winograd’s CLEARTOP and GET- 
RID-OF procedures. 

The robot system yields relatively 
good results for single speaker/trainer 
experiments and demonstrates the utili- 
ty of modular design in artificial intelli- 
gence software. It also illustrates typical 
problems that robot system designers 
encounter. The planning capabilities in 
the operational domain are quite ade- 
quate; it is virtually impossible to cause 
the robot to err in its planning. Plan- 
ning faults do occur when the state of 
the world is unexpectedly altered after 
the visual processing phase. A typical 
cause of such an error is the hand’s in- 
advertently dropping a block, in which 
case it no longer knows the location of 
all objects in the scene. 

Response time for the image process- 
ing phase depends on the number of 
blocks in the scene and the complexity 
of the characters on each block. The 
average processing time is approx- 
imately 10 seconds per block. Speech 


recognition is less than one second per 
word for a 20 word vocabulary. The 
processing is performed on a Cromem- 
co System 3, which contains a Z80 pro- 
cessor running at 4 MHz. The primary 
processing limitations are related to 
processor speed, disk access rates and 
the speech digitization and recognition 
process. 

As previously pointed out, similar 
words do not show up in digitized data 
as differing significantly for recognition 
purposes. I have experimented with 
context-sensitive methods in which the 
relationship of one word to others in the 
sentence is considered. The method 
used was implemented on a large main- 
frame (Cyber 170/760) and is imprac- 
tical for the microcomputer system due 
to the processing speed and available 
storage needed by the algorithm. 

The most significant performance 
improvement needed is the ability to 
continuously monitor the state of the 
robot hand with respect to the visual en- 
vironment. Since only one visual pass 


is made prior to the command phase, 
the robot does not know the state of the 
world as it moves objects about. If it 
drops a block, or inadvertently knocks 
into another one, its internal rep- 
presentation of the state of the world is 
incorrect. Continuous visual monitor- 
ing of the scene, however, would be 
prohibitive on the microcomputer. □ 
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STEPPER MOTOR - DRIVER BOARD - LINEAR ACTUATOR MOTOR 


Interface Your Computer to the REAL World 
INDISPENSABLE FOR ROBOTICS — MANY CONTROL APPLICATIONS 
OPTICAL ISOLATION — SCHMITT TRIGGERING — HIGH NOISE IMMUNITY 



• DRIVER BOARD 2003-DB Price.. $49. 95 

Isolate your computer from the noisy world of stepper motors with our Optically-Isolated Driver 
Board. This Driver Board is ideal for controlling N.A. Philips Controls Corp. 12VDC Stepper Motors. 
Switching sequence is provided for all 2-phase, 4 winding unipolar motors. Direction of rotation is 
determined by "R" input. 

• Dimensions 4.5" * 3.8" * 0.83" 

• Power Requirements 9.5 - 18VDC 

• Digital Inputs (optically isolated) 4-20 VDC 

• Maximum Current per winding 2 amps 

• Gold-plated fingers 50 microinches over nickel 

• Driver Chip (included) SAA 1027 

• For use with motors up to 48 VDC 

Add $3.50 for edge connector. Add $6.00 for optionol oscillator and potentiometer.. ,2003-DB-OP. 

Additional SAA 1027 Driver Chips. ..add $11.00 - sale price. 


STEPPER MOTOR 101-SM (N.A. 
Sale Price... $17. 00 

• Operating Voltage 

• Weight 

• Holding Torque 

• Rotation (Bi-directional) 

• Maximum Running Rate 

• Step Angle Tolerance 


Philips K82701-P2) 

12VDC 
8 oz. 
10.5 oz.-in. 
7.5° per step 
850 steps/sec. 
+ 0.5° (non-cummulative) 


TERMS: All items guaranteed. Immediate delivery from stock. Check, money order, or C.O.D., U.S. Funds only. Add 5% for 
shipping and handling. (N.Y. State Residents: add 7Va% sales tax.) Data and schematics included. 


LINEAR ACTUATOR STEPPER MOTOR 501 -AM 

(N.A. Philips L92121-P2) Sale Price... $36.50 

> Operating Voltage 12VDC 

> Weight 1.5 oz. 

> Maximum Force Exerted (energized) 

> Minimum Holding Force (unenergized) 

> Travel 0.002" 

> Maximum Travel 

> Maximum Pull-in Rate 

> Maximum Pull-out Rate 

P.O. BOX 56 
BELLPORT, NEW YORK 11713 
(516) 541-5419 


21 oz. 


40 oz. 


per step 


1 . 88 " 


425 steps/sec. 


650 steps/sec 
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Calendar 


Continued from page 14. 

For additional information contact: 
Meg Bowen, Conference Director, Test 
& Measurement World Expo, 215 
Brighton Avenue, Boston, Massachu- 
setts 02134. Phone: (617) 254-1445. 

IEEE Robotics 
Conference 

The Institute of Electrical and Elec- 
tronics Engineers will provide a national 
televised conference on Robotics on 
December 7, 1982. Between 1000 and 
1 500 persons in various sites nationwide 
are expected to enroll, according to 
Barry Oakes, a member of the IEEE’s 
Continuing Education Robotics Sub- 
committee. 

The satellite broadcast course will 
focus on aspects of robotics to which 
electrical and computer engineers can 
most contribute — for example, robotics 
as a total manufacturing process. At the 
present time, there are dumb arms in the 
auto industry that weld; workers put the 


two parts together and the machine arm 
welds the parts. A more advanced pro- 
cess would be a system that could 
distinguish the parts (classify them by 
size, weight, and color). The machinery 
for such a system would need sensing 
and dextrous movement abilities. Soft- 
ware and electromechanical engineers 
are necessary to develop such a system. 

The five-hour course, from 1 1 a.m. to 
4 p.m. Eastern Standard Time, will 
feature four speakers: James Albus of 
the National Bureau of Standards; 
Maurice Dunn of Unimation, Danbury, 
Connecticut; Michael Radeke of Cincin- 
nati Milacron Inc., Ohio; and Thomas 
Sheridan of the Massachusetts Institute 
of Technology, Cambridge, Massachu- 
setts. 

Dr. Albus and Dr. Sheridan, sched- 
uled as the morning speakers, will 
discuss the research and development 
aspects of robotics, particularly for ad- 
vanced machines. In the afternoon, Mr. 
Dunn and Mr. Radeke, from two of the 
largest robot manufacturers, will show 


movies and speak on the current uses of 
robots. The conference is designed to be 
evenly divided between robotics theory 
and applications. There will be 
telephones at each site so that par- 
ticipants can ask questions of the 
speakers. 

Cities scheduled as IEEE sites are 
Boston, New York, Philadelphia, Pitts- 
burgh, Washington, D.C., Atlanta, 
Chicago, Detroit, Minneapolis-St. Paul, 
Dallas, Houston, Orange County, 
California and San Francisco. 

In addition to these sites, other IEEE 
Sections, universities, and corporations 
can buy into the program. Registration 
fees are $125 for IEEE members and 
$175 for non members, $25 of which is 
applicable to IEEE fees if the non 
member wishes to join. Non-IEEE sites 
can rent equipment to receive the course 
for about $1200. 

For more information contact IEEE 
Educational Services, IEEE Service 
Center, 445 Hoes Lane, Piscataway, 
N.J. 08854; phone 201-981-0060. □ 


BAR CODE 
INDUSTRY! 

DIRECTORY 


The annual 1982 
Directory of Bar Code 
Manufacturers and 
Services is now avail- 
able from the publishers 
of the bi-monthly 
magazine Bar Code 
News. The Directory 
contains comprehensive 
listings of every major bar code manufacturer and service. 
You’ll find information on companies that manufacture com- 
plete bar code systems, scanners, printers, data collec- 
tion terminals, film masters and printing plates, labels 
and label testers; seminars and consultants; and data 
base publications. 

Each entry consists of a brief description of the product line 
or service: general information about the company: and the 
name, address and phone number of a knowledgeable 
representative. 


r BONUS 


Only $ 24.95 

der, you’ll receive a free - 


With your order, you’ll receive a 
subscription to Bar Code News, The 
Journal of Bar Code System Applications. 

□ Please send copies of the 1982 Directory of Bar Code 

Manufacturers and Services at $24.95 (includes postage and 
handling costs) Total Enclosed $ 

□ Personal Check □ Cash □ MasterCard □ Visa 

Account No. Expires 

Signature 


■ Name 
| Address 
| Company 

I City State 

Send to: North American Technology 

I 174 Concord St., Peterborough, NH 03458 (603) 924-7136 


Phone 


Zip 


READER SERVICE 

INQUIRY 

NUMBER COMPANY 

1 Ackerman Digital, Cov II 

2 Amherst, p. 1 

3 AMSI Group, p. 8, 33 

4 A Priori, p. 6 

5 Cyberanimation, p. 7 

6 Cyberpak, p. 29 

7 John Fluke, p. 10 

8 Hanover Fair, p. 9 

9 Intellimac, Cov IV 

10 Jensen Tools, p. 29 

1 1 Microbot, p. 1 1 

12 Micromint, p. 32 

13 Micro Systems Science, p. 12 

14 Moog Valve, p. 2 

15 North American Technology, p. 34 

22 Polaroid, p. 13 

16 Robotex, p. 23 

Robotics Age Back Issues, p. 22 
Robotics Age Subscriptions, p. 34 

19 Sandhu Machine Design, p. 5 

20 Small Parts, Inc., p. 39 

21 Space Studies Institute, p. 39 

* Tech-O, p. 8 

24 UCLA Extension, p. 14 

25 Vision Peripherals, p. 6 

* correspond directly with company 
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THE PHYSICS OF 
ONE-LEGGED 
MOBI LE ROBOTS 


Part II: 
The 

Mathematical 

Description 


Eric Saund 


While computer simulation of walking machine 
dynamics allows us to concentrate on the informa- 
tion processing problem, any physical walking robot 
must be equipped for sensory and motor functions. 
These needs present enormous challenges. 

Sensory Requirements: Ideally, the “brain” of a 
walking machine would like its senses to provide 
complete knowledge of the machine’s physical state 
at all times. This information includes height above 
the ground, vertical and horizontal velocities, angle 
of the leg and body with respect to the ground and 
with respect to each other, and compression of the 
spring in the leg. Some of this information is redun- 
dant; that is, one piece of information may help in 
the calculation of another. Yet, with available 
technology, designing a sensory system of reasonable 
cost which can furnish adequate state information 
to the controller is a difficult task. 

Two approaches to sensory input can be taken. 
The more restrictive is to place sensors only on the 
machine itself. This goal must be attained before 
walking robots are able to locomote out of the 
laboratory on their own. On-board sensory devices 
which have been suggested include potentiometers 
for measuring the angle of the leg with respect to the 
body and angle of the leg with respect to the ground 
(when the foot is touching the ground), gyroscopes 
for inertial measurement of body angle, sonar range 
finders directed at the ground to measure body height 
above the ground, and optical encoding of the posi- 
tion of the sliding foot in the leg. In principle, these 
senses would provide direct or indirect measurements 
of all state parameters except horizontal velocity. 

It turns out that for humans using a pogo stick 
visual feedback is very important. One role for vi- 
sion is to gauge horizontal velocity in preparation for 
choosing a landing angle. The state of robotic vision 
is too primitive now to extract this information from 
a video TV signal in real time in a general visual en- 
vironment. Use of specially painted backgrounds 
and floors might make the use of rugged on-board 
TV cameras feasible for measuring horizontal veloci- 
ty or other state parameters. 

More complete information can be gained by use 
of off-board sensors which may be too large or bulky 


55 Plymouth St., Apt 2, Cambridge MA 02138 


to be mounted on the walking machine itself, such 
as television cameras, laser range finders, 
photodetector arrays, lightweight wires, and in- 
numerable other gadgets. 

In practice, the information obtained from the 
various sensors is likely to be noisy, incomplete, and 
even contradictory. For these reasons, best use of the 
sensors may be made not by merely measuring data 
and handing it to the controller, but by performing 
some sophisticated interpretation and analysis of the 
raw sensory input. For example, it may turn out that 
the best way to measure height of the body above the 
ground is to use measurements from downward- 
looking sonar range finders, except during the land- 
ing phase of the hopping cycle, at which time the leg 
extension measurement should be used. In this way, 
internally stored knowledge of the hopping cycle 
might be important in interpreting sensory inputs. 
This speaks for rich interaction between sensory and 
controller functions of the walking machine, and a 
control method which maintains some sort of inter- 
nal model of the walking process. 

Motor Control: Once the controller has determined 
what physical actions are necessary to maintain 
balance, some sort of actuators must exert ap- 
propriate forces and torques as specified. 

For the single-legged hopping machine, two modes 
of movement must be established. The first is rec- 
tilinear moton of the foot with respect to the leg and 
body. Unlike the perfect spring we can postulate in 
the leg of a computer-simulated pogo stick, a 
physical device will dissipate energy during the course 
of a hopping cycle which will have to be restored to 
the system continuously if constant hopping height 
is to be maintained. The second type of movement 
is the pivoting of the leg with respect to the body. 
This pivoting must be controlled while the pogo stick 
is in the air so that the leg will be at the correct angle 
when the machine lands. 

It is desirable for a walking machine to use ac- 
tuators with a high power/weight ratio so that large 
steps may be taken and so that movements may be 
made quickly in reaction to commands from the con- 
troller. By the same token, if the robot is to be com- 
pletely self-contained and self-propelled, energy 
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storage devices of a high energy/weight ratio should 
be used. The size and weight of electric batteries pose 
major drawbacks for an electrically powered hop- 
ping machine. Alternatives include pneumatic piston 
drives and electric motors powered by an umbilical 
cord to an external power source. 

Mathematical Corner 

A one-legged walking machine proceeds through 
four phases during a hop cycle. These will be termed: 

1 . In the air 

2. Air to ground (landing) 

3. On the ground 

4. Ground to air (takeoff) 

Stages 2 and 4 are instantaneous events, while 
stages 1 and 3 are described by systems of differen- 
tial equations which can be solved numerically. We 
will consider a pogo stick hopping in two dimensions, 
horizontal and vertical, as drawn in figure 1. The 
machine itself has two degrees of movement: 

1 . The leg pivots about the body; actuators con- 
nected to the body are able to apply a torque to the 
leg about the pivot point. 

2. The foot slides along the leg; up and down 
forces are transmitted from the foot to the leg 
through a spring. 



IPLP 

MPL 

IFTP 

MFT 

K 

IPLG 


moment of inertia of body with 
respect to pivot 
mass of body 

moment of inertia of leg with 
respect to pivot 
mass of leg 

spring constant of foot-leg 
spring 

moment of inertia of body with 
respect to foot 


In addition, the positions, velocities, and accelera- 
tions of the pogo stick are described by the follow- 
ing variables: 


X 

— 

horizontal position (measured 
at pivot) 

x = x' 

= 

horizontal velocity 

X = X' 

= 

horizontal acceleration 

y 

= 

vertical position (measured at 
pivot) 

y = y' 

= 

vertical velocity 

y = y' 

= 

vertical acceleration 

b 

= 

compression of spring 

b = b' 

— 

rate of change of compression 
of spring 

b = b' 

= 

acceleration of compression 
of spring 

e 

= 

angle of leg with respect to 
vertical 

e = e' 

= 

rate of change of leg angle 
with respect to vertical 

6 = 6' 

= 

acceleration of leg angle with 
respect to vertical 


= 

angle of body with respect to 
horizontal 

<p = < p' 

— 

rate of change of body angle 
with respect to vertical 

q) = <p' 

= 

acceleration of body angle 
with respect to vertical 

T 

= 

torque applied between leg 
and body 

For computer simulation, assume no energy loss 


in compression of the spring. To perform a numeri- 
cal integration, we will express the dynamics in terms 
of a system of first order differential equations: 
q = f(t,q), 

where q is the set of state variables. Substitution of 
variables (primed variables) will be used when neces- 
sary to reduce all equations to first order. 


Phase 1. In the air 

The pogo stick takes off with some values for all 
of the above mentioned variables. The differential 
equations which describe their changes in time can 
be written down more or less directly. 
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y = y' 

y = y' 
b = b' 
b = b' 

e = e f 

e = G' 

<p = & 
cp = cp' 


0 

horizontal velocity at previous 
takeoff = constant 
- GR; acceleration due to 
gravity 


0 

0 

-t/IFTP; torque acting on 
foot 

r/IFTP; torque acting on 
body. 


The torque parameter, t, is specified by the con- 
troller. These equations are integrated numerically 
one time increment after another until the foot 
touches the ground: 
y — Lcos0 < 0 


Phase 2. Air to ground 

The mathematical transition of parameters for a 
simplified pogo stick upon landing is somewhat ar- 
bitrary and generally follows reasonable assump- 
tions about conservation of momentum and con- 
tinuity of positions and angles. 

VLAND = \f x 2 +y 2 = total velocity at landing. This is 
. broken into a linear component, b', 

0 = Q— tan -1 (y ) and a rotational contribution to 0. 


L = ‘/ 2 IFTG + Vi L 2 MPL0 2 — LbMPL0 2 + '/ 2 b 2 MPL0 2 + 
‘/ 2 IPLPcp 2 + !/2MST6 2 -MST*GR‘(L-b)cos0 - '/ 2 Kb 2 

fj^= MSTGR(L-b) sin0 

|^-= -MPL L-e ! +MPL b e 2 -Kb + MSTGRcose 


3L 

jjj = IFTG6 + L 2 MPL0 - 2LbMPL6 + b 2 MPL0 


3L 

- g = MSTb 


!^=IFTGv 

A / 3L \ 

dt\ dd) 2 : L . 

A (AL\ = 
at \ ab* ) 


IFTG0 + L 2 MPL0-2LbMPL0- 
MPLB- 0 + MPLb 2 0 + 2MPLbb 0 


= MSTb 


0L 


= IPLPcp 


at \ acp 

combining into (1.1): 


O 


= -MST • GR (L-b)sine + IFTG0 + 
L 2 MPL9 - 2LbMPL&'-2 L MPLb d 
+ MPLb 2 e + 2MPLbW 

= - MPL L 6 2 + MPLbe 2 - Kb + 

MST GRcose - MSTlj 


r = IPLPqo 


set b = VLAND cos<b 

. . MST* VLAND* sin «> 

Set 0 = 0,+ IFTG + IPLG 


note that: 

x = (L-b) sin 0 -I- const 
y = (L-b) cos0 


0, = rotational velocity of leg at time of landing 
x,y,0,cp,x,y, and cp will be unchanged at landing. 


Phase 3. On the ground 

Applied torque, t, about the pivot is assumed to 
be 0 during this segment. The dynamics of the pogo 
stick in the ground phase of its hopping cycle are 
derived using Lagrange’s equation: 
equation (1.1): 

a l - a , 3L v = q. 

3qj 3t \ a qj ) 

L = T - V = Kinetic Energy - Potential Energy 
K.E. = T = 1 / 2 (iFTG + (L-b)WL)0 2 + I /2 IPLPcp 2 + ‘/ 2 MSTb 2 


rotation about foot rotation linear 

of body motion 

of leg 

P.E. = V = MST -GR- (L-b) cos0 + kb^ 

height above ground compression in 
spring 


yielding: 

x 


b’ = 

6 

e = tr 




e 

9 


(L-b) cos0 0 — bsin0 

-(L-b) sin0 0 - bcos0 

( — MPL*L*0 2 + MPLb0 2 -Kb + 

MSTGRcos0)/MST 

b' 

-MST GR (L-b)sin0 - 2MPL L b 0 + 

2MPLbb0 + t 

-IFTG - MPL'L 2 + 2MPL’L'b 

0 ' 

r/IPLP 

<P' 


This system of first order differential equations 
may be integrated numerically until bVIO, at which 
time the pogo stick leaves the ground. 


Phase 4. Ground to Air 

Set 6 = 0. All other parameters remain unchanged upon 
takeoff. Proceed to capital phase 1, in the air. 


Continued on page 53 
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T 

he 1982 con- 

ference of the 
American Association for 
Artificial Intelligence was 
held August 18th through 
the 20th at Carnegie-Mellon 
University and the Universi- 
ty of Pittsburgh, in Pitts- 
burgh, Pennsylvania. Al- 
most one hundred papers 
were presented in 13 research 
areas of artificial intelli- 
gence, including robotics and 
computer vision. On two 
evenings, the Computer 
Science Department and the 
Robotics Institute of Car- 
negie-Mellon University held 
an open house to exhibit ro- 
botics research in progress. 
In addition, a commercial 
exhibit program featured 
booths for publishers, busi- 
nesses marketing AI techno- 
logy, and companies selling 
computer hardware and 
software tools. 

Two robotics papers dealt 
with directing a mobile robot 
along a path strewn with 
obstacles. Rod Brooks of 
MIT proposed a relatively 
quick method for finding 
paths in not-too-constrained 
spaces. The algorithm ex- 
plicitly represents free space 
as a two-dimensional form 
of the generalized cone. This 
method has previously been 
used to model three-dimen- 
sional objects. 


PHOTOS BY ERIC SAUND 


Hans Moravec of Car- 
negie-Mellon University 
described his mobile robot, 
which is currently under 
development. The robot util- 
izes 12 on-board processors 
(half of them 68000s) plus 
communications to a large 
external computer that per- 
forms image interpretation. 
Moravec stated, “A robot 
can have no excess of com- 
puting power; no matter 
what, you can always use 
more.” His robot employs 
three independently steerable 
and drivable wheels, which 
give the robot all three 
degrees of freedom in a plane 
(translation in two direc- 
tions, plus rotation). The 


wheel arrangement also al- 
lows the robot to simulate, 
by appropriate software, any 
robot wheel configuration. 

During the open house, 
the Computer Science De- 
partment and the Robotics 
Institute of Carnegie-Mellon 
University displayed the 
work of 15 research groups 
concerned with robotics. 
Topics ranged from the 
study of fundamental theor- 
etical issues to the develop- 
ment of commercially viable 
applications, with emphasis 
on the latter. 

Xerox is now selling three 
individual-user computers which 
run LISP. 


L. Y. Shih, of the National 
Research Council of 
Canada, suggested an 
automatic path-finding 
method for a mobile robot, 
in which each obstacle is 
treated as if it exerted a 
repulsive force on the robot. 
Presumably, the final goal 
and intermediate goals are 
treated as attractive forces. 
Though the overall path 
might be specified by the 
strategic placement of inter- 
mediate goals, the detailed 
path is not preplanned; 
rather, it is determined en- 
route by computations based 
on the robot’s current posi- 
tion relative to attractors and 
repellers. 


Using structured light to identify 
and derive position and orienta- 
tion of objects for industrial ap- 
plications of computer vision. 


AAAI 


COKFERENCE 
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The Visual Inspection Laboratory find faults in etched printed dr- 
uses automated visual methods to cuit boards. 


1 . * 

symboUcB 



Symbolics introduces its newest 
LISP machine, the 3600. 



This direct-drive arm uses rare- 
earth DC motors without gears. 
This system allows arm control 
research without worrying about 
friction and backlash. 


A robot arm which uses 
rare-earth, direct-drive 
motors instead of conven- 
tional motor/gear assemblies 
has been built to study dy- 
namics in the absence of ex- 
cessive joint friction and gear 
backlash. 

Several labs employ com- 
mercial robot arms to ex- 
plore robotics assembly tech- 
niques. The Flexible Assem- 
bly Laboratory has devel- 
oped special grippers for the 
Unimation PUMA robot to 
enable it to pick up small 
parts such as electronic com- 
ponents. In the Flexible 
Manufacturing Laboratory, 
a Cincinnati Milacron robot 


manipulates jet turbine 
blades in various stages of 
manufacturing for inspec- 
tion. 

The Legged Locomotion 
Laboratory is studying 
dynamic balance in walking. 
A pneumatically-powered, 
one-legged planar hopper is 
able to balance under a varie- 
ty of control strategies. A 
three-dimensional version of 
the one-legged walking 
machine will eventually carry 
a human operator who will 
have to specify only speed 
and direction — all leg func- 
tions will be under computer 
control. 



High Quality Small Mechanical Parts & Components 


INSIDE STUFF 

for Robotics 

...low melting alloys, gears, thread- 
ed rod, machine screws, bearings, 
ball joints, balls, drills, pulleys, flat 
springs, wire cloth, high helix screw, 
flexible shafting, tools, s/s tubing . . . 

Send for our FREE CATALOG 
complete with specs and prices. 

SMALL PARTS IIUC. 


P.O. Box 381736 
Miami, Florida 33138 


C3Q51 751-0856 





WE’RE OPENING . 
THE HIGH FRONTIER. 


Robots are the fingers and feet of the future.’ The 
leading edge research needed to break out into the 
frontiers of space is happening now. And people like you 
are the support of that research. • ' 

Your interest in and knowledge of robotics puts you at 
the front of the push to tomorrow. Find out more about the 
research the Space Studies Institute in Princeton, New 
Jersey funds by circling the Reader Service Card 
Number. .* . ‘ * 

Join us in opening The High Frontier. , 

195 Nassau St., Princeton, N.J. 08540 
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ARMATRON: 

A STUDY IN 
ARM ENGINEERING 


Mark Robillard 


3 Peach Lane, Townsend, Massachusetts 01469 


Photo 1 . Complete Ar- 
matron from Tomy 
Toys. Also included 
with the arm are 
various shapes and 
forms used for practice 
manipulations. Two D 
cell batteries (not in- 
cluded) provide the 
motive power. 


Photo 2. Armatron 
joystick control plat- 
form. These shafts 
move gears in and out 
of mesh within the 
base. 


Anyone who has read my articles over the course 
of this year has probably noticed that, when it comes 
to supplying a starting point for robotics, I tend to 
support the local toy merchant. Toys, although in- 
tended for children, are designed by adults. More 
often than not the designer must surmount many 
engineering difficulties to accomplish the necessary 
price/performance ratio. Since this is the beginning 



of the holiday season and toy advertisements are 
becoming the most popular show on TV, I find it on- 
ly fitting that we investigate a new robotics toy. 

The toy is called Armatron (see photo 1). Tomy 
Toys of California has imported a highly functional 
miniature robot manipulator from Japan. Armatron 


has capabilities usually found only in much more ex- 
pensive experimental arms. You maneuver Ar- 
matron using two joysticks. These controls allow the 
whole arm to rotate left or right, to raise and lower, 
to bend at the elbow left and right, and to raise or 
lower the hand assembly. Turning the joystick shafts 
rotates the wrist and opens and closes the hand. Not 
bad for $48.47 at a local discount toy store! 

That price puts it at about one-tenth the cost of the 
closest experimental arm. This does not mean you 
get one-tenth the capabilities. I have lifted eight 
ounces straight up with the arm. Its reach is 12 
inches, fully extended, yet it can fold back on itself 
and pick up anything close to its base. It is addictive 
after you first flip the power switch. If you buy one 
for yourself, either get another for the kids or don’t 
let them see it. 

Mechanics. Photo 2 is a view of the joystick control 
assembly. These shafts position gears within the unit 
and have no relationship to the type of control used 
in computer games. Photo 3 shows how the joystick 
interacts with the gear mechanism. The large gear in 
the background is actually a series of independent 
gears seated into each other. This is called a planetary 
gear system because the gears rotate like the planets. 
Each joint has a separate gear. 

Photos 3 through 7 show each joint. Photo 6 also 
provides a complete view of the hand, which is 
equipped with rubber anti-slip grippers. All these 
joints are controlled by one rather small motor which 
is located in the base and powered by two D ceil 
batteries. 

Figure 1 depicts the gearing action used to raise 
and lower the shoulder. The gear ratio increases 
torque. At the elbow are four shafts with gears. 
Figure 2 illustrates the interaction and purpose of 
each gear. Figure 3 explains the gear mechanism of 
the wrist/hand assembly. The two-pincer hand 
design uses a unique spring-loaded coupling between 
its drive gears and the finger mechanisms as shown 
in figure 4. 


40 ROBOTICS AGE Nov/Dec 1982 






Automatic Control. Joysticks are fun, but I soon 
started to think about the possibility of controlling 
Armatron with a computer. To avoid the complica- 
tion of cutting up the device’s internal mechanisms, 
I chose to emulate a hand controlling the joysticks 
rather than replacing them. This approach is not 
without its problems. What must be accomplished 
is linear motion, forward and back, left and right; 
don’t forget the turning action to rotate the wrist and 
operate the hand. 

There are a number of possible approaches to the 
problem, but some are severely limited because of the 
lack of space in the joystick control area. The first 
mechanism I built converts the rotary motion of a 
motor into linear motion. Figure 5 depicts the design. 
My design imitates the inside of a conventional 
resistor joystick. 

The typical resistor joystick contains two mech- 
anical guideways called bails. These bails guide the 
stick left or right, depending on which direction the 
motor is turning. The slot in the bail allows the stick 
to travel forward and backward as a result of the 
other motor’s action. Two motors provide four 
directions. I should mention that turning off all 
power to the motor allows the built-in spring to 
return the Armatron joystick to the center, or off, 
position. 

Photo 8 shows a wooden frame I constructed to 
hold the motors and the bails in place. I used heavy 
wire, such as the kind used to hang drop ceilings, to 
form the bails. The motor must produce a fair 
amount of torque. I used Mabuchi RE-56 slot car 
motors, which are available in most electronics or 
surplus stores. They mount from the front and are 
only 1 1/4 inches in diameter. 

Motor Interface. Figure 6 is a schematic of a typical 
motor control circuit which can be used for each 
motor. The circuit is compatible with standard TTL 
levels. Refer to the article “Inexpensive Arm-Hand 
System” (Robotics Age, May/ June 1982, page 20) 
for an explanation of motor circuit operation. This 



Photo 3. Joystick ac- 
tion of gear meshing. 
The large cylinder con- 
tains a multitude of 
gears. Moving the 
joystick causes a small 
pointer to move on the 
gear cylinder, allowing 
certain gears to mesh. 


Photo 4. Close-up view 
of shoulder joint with 
decorative cover 
removed. 


Photo 5. This view of 
the elbow joint shows 
the four gears used to 
provide motion from 
elbow to hand. Figure 7 
explains each gear. 


Photo 6. Close-up view 
of hand/wrist assembly. 
The hand is capable of 
opening up to two 
inches while keeping the 
jaws parallel at all 
times. 


Photo 7. Inside view of 
the main gear box 
located in the base. 

That little motor moves 
everything. The 
planetary gear arrange- 
ment is visible in center. 
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To Wrist 


To Shoulder 


Figure 2. Elbow gear 
action. The bottom gear 
moves the elbow left 
and right. The top gear 
transfers the wrist raise 
and lower power. The 
next to the bottom gear 
rotates the wrist. The 
remaining gear transfers 
open and close power to 
the hand. 


TOP 



Figure 3. Wrist/hand 
mechanical action. The 
center gear opens and 
closes the hand. The 
left gear raises and 
lowers the wrist. The re- 
maining gear rotates the 
wrist. 


t 

from 

Elbow 



Hand 

\ 
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circuit is somewhat different, however, since I have 
used a specific motor control IC(TPQ6002). This IC 
has both NPN and PNP transistors in it so that only 
one package is required per motor. It is very inexpen- 
sive and is readily available. 


Solenoid Control. Another control possibility is to 
use solenoids. These devices perform linear motion 
but can only provide one direction of movement. It 
is necessary, therefore, to use eight solenoids. 
Because of space limitations on the joystick housing, 
they must be mounted on a separate platform. 

Figure 7 depicts a typical way of mounting the 
solenoids. An elastic control cable is connected to 
each of the solenoid plungers, then to the joystick 
shaft. A means of stopping the shafts from pulling 
out when they are not energized is also needed. 

Solenoid control is by far the more exact method, 
but it requires more mechanical pieces. The interface 
to the solenoids is extremely simple, as shown in 
figure 8. Using high-current peripheral driver ICs 
simplifies the process quite a bit. 

Rotary motion for hand and wrist movements is 
the toughest part of the emulation. Although the 
joysticks turn only a few degrees in either direction, 
they do require quite a strong force to move. I sug- 
gest you cement a gear on the top of each stick, then 
attach a motor with a smaller gear so that it meshes 
with the first. This increases the torque. Mount the 
motor so that it travels with the stick. 

After all this mechanical effort, you will see that 
the only disadvantage of Armatron from an exter- 
nal control standpoint is that it is all mechanical in- 
side. I wish that it was programmable like the Milton 
Bradley Big-Trak. 


To Wrist 


Worm gear drive 


Hand open/close drive 



Gear Gear coupled to 
to finger bar 
via spring 
mechanism 


Finger bar 


Free turning joints 


Figure 4. Hand design. 
The worm gear in the 
center of the hand 
meshes with gears 
mounted on each finger 
jaw. Turning the worm 
gear opens or closes the 
fingers via a spring 
coupling. 


There are four command keys associated with the 
program: 

Key Command 

M Set manual mode — no memory 
A Set automatic mode — memorize each 
keypress 

B Begin recall from memory 

S Stop recall from memory 

Note: The program listing shown on page 45 is a 
more advanced version that will prompt the user 
for commands. 


Computer Control. The computer can control 
whichever mechanical interface you choose. A 
parallel port can connect the motor or solenoid 
drivers and the computer. Each code controls one 
direction device. All you need is a teach-and-learn 
program. 

I have chosen the following keys to control 
Armatron: 

Key Function 

1 Raise entire arm 

2 Lower entire arm 

3 Turn entire arm right 

4 Turn entire arm left 

5 Turn elbow right 

6 Turn elbow left 

7 Raise wrist 

8‘ Lower wrist 

9 Rotate wrist right 

0 Rotate wrist left 

O Open hand 

C Close hand 


After stopping Armatron in the middle of a 
memory recall sequence, push B again to reset and 
start the sequence from the beginning. Be sure, 
before you start a memory recall sequence, that Ar- 

Text continued on page 46. 



Photo 8. Using motors 
to produce linear ac- 
tion. This assembly is 
made up of four RE-56 
motors with attached 
wire bails. 
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Figure 5. Details of bail 
construction and motor 
placement. Motorized 
bails provide linear 
motion. 




Action 



Figure 6. Schematic of 
motor driver system. 
Commands in the form 
of a four-bit number 
energize one direction 
at a time. 


+5V Transistor pack 
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Figure 7. Solenoids can 
be used to provide 
linear motion. Energiz- 
ing a solenoid moves 
the joystick in the 
desired direction. Turn- 
ing off power to the 
solenoid allows the 
joystick to return to its 
center position. 


S o 


e n o i d s 


1 1 

2 1 **ARMATR0N COMMANDER** 

3 ' 

4 ' 

5 ' INITIALIZE 

6 ' 

7 ' 

8 CLEAR 2000 

9 ARMOUT=49152 

10 DIM CODES $ (25) : DIM DURATION (25) :POKE ARMOUT, 0 
20 PLACE=1 : TIME=0 : CLS : KEYVALUE=0 

30 PRINT'SELECT THE FOUXWING" 

40 PRINT" 1) MANUAL MODE" 

50 PRINT" 2) AUTOMATIC MODE" 

60 A$=INKEY$ : IF A$="" THEN GOTO 60 
70 IF A$="l" THEN GOTO 100 
80 IF A$="2" THEN GOTO 150 
90 CLS: GOTO 30 

95 ' 

96 ' MANUAL MODE 

97 ' 

98 1 

100 CLS : PRINT"MANUAL INPUT MODE" 

110 A$=INKEY$:IF A$="" THEN GOTO U0 

120 IF A$="S" THEN POKE ARMOUT, 0: PRINT" STOPPED" : GOTO 20 
130 GOSUB 430 'CONVERT AND SEND 
140 GOTO 110 

145 ' 

146 ' AUTOMATIC MODE 

147 ' 

148 ' 

150 CLS : PRINT"AUTCMATIC MODE" 

160 PRINT" SELECT THE FOLLOWING" 

170 PRINT" 1) TRAIN" 

180 PRINT" 2) RECALL FROM MEMORY" 

190 PRINT" 3) RETURN TO MANUAL" 

200 A$=INKEY$:IF A$="" THEN GOTO 200 

210 IF A$=" 1" THEN GOTO 249 ' STORE SUBPROGRAM 

220 IF A$="2" THEN GOTO 339 ' RECALL SUBPROGRAM 

230 IF A$="3" THEN GOTO 100 ' MANUAL MODE 

240 GOTO 150 

245 ’ 


246 ' STORE SUBPROGRAM 

247 ' 

249 CLS : PRINT"TRAINING" 

250 A$=INKEY$ : IF A$="" THEN GOTO 250 

260 GOSUB 430 ' CONVERT AND SEND 

270 CODES $ (PLACE) =A$ 

280 A$=INKEY$ 

290 IF A$=" " THEN TIME=TTME + l:GOTO 280 

300 DURATION (PLACE) =TIME 

310 PLACE=PLACE + 1 

320 IF PLACE < 25 THEN GOTO 330 

322 PRINT"MEMQRY FULL" 

325 FOR T=1 TO 250: NEXT T 

328 GOTO 20 

330 TIME=0:GOTO 260 

335 ' 

336 ' RECALL SUBPROGRAM 

337 ’ 

339 CLS : PRINT"RECALL FROM MEMORY" 

340 A$=CQDES$ (PLACE) 

350 GOSUB 430 ' CONVERT AND SEND 

360 TIME=DURATION (PLACE) 

370 IF TIME <> 0 THEN TIME = TIME - l:GOTO 370 

375 FOR T=1 TO 70: NEXT T 

380 PLACE=PLACE + 1 

390 IF PLACE < 25 THEN GOTO 400 

392 PRINT" END OF PROGRAM" 

395 FOR T=1 TO 200: NEXT T 
398 POKE ARMOUT, 0:GOTO 20 
400 A$=INKEY$ 

410 IF A$<>" " THEN POKE ARMOUT, 0: PRINT" STOPPED" : GOTO 20 
420 GOTO 340 

425 ' 

426 ' CONVERT AND SEND SUB PROGRAM 

427 ' 

428 ' 

430 IF A$="0" THEN KEYVALUE = 10: GOTO 470 

440 IF A$="0" THEN KEYVALUE = 11: GOTO 470 

450 IF A$="C" THEN KEYVALUE = 12:GOTO 470 

460 KEYVALUE = VAL(A$) 

470 POKE ARMOUT, KEYVALUE: PRINT KEYVALUE 
480 RETURN 


Listing 1. BASIC listing 
of AMATRON program- 
mable control program 
written in Microsoft 
BASIC. ARMOUT is set 
to a known control 
location. 
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+ 12 V 


Figure 8. Schematic of 
solenoid interface using 
same four-bit number 
system as the motorized 
circuit. 



matron is positioned where you want it to begin. The 
control program accepts up to 25 different com- 
mands in a sequence. You can change this number 
to suit different memory requirements. 

The Program. The Armatron control program 
(listing 1) begins with an initialization routine. This 
part of the program sets all variables and memory 
locations to known values. The system is initialized 
in manual mode. Any movement key simply ac- 
tivates the appropriate solenoid or motor. 
Movements are not remembered until the automatic 
(A) key is pressed. Enter the key scanning portion 
next. Here the use of the Microsoft BASIC command 
INKEY is critical. If your version of BASIC does not 
have this command, you can substitute INPUT A$, 
but every command key you hit must be followed by 
a carriage return or ENTER. 

Once a key is detected, the command interpreter 
takes over. It systematically compares what it re- 
ceived with the list of available command buttons. 

When in automatic, a string array that contains 
each entered movement command is formed. First, 


the key letter, then the duration of activation is 
stored. When a different key is struck, a new array 
location is opened. Pauses between commands are 
not stored. 

The B command tells the program to start at the 
top of the array and begin pulling values of key codes 
and their lengths, then send them to the operation 
handler for execution. This is not as simple as it 
sounds. Study the listing for specific program action 
and modify to customize it. 

This program allows almost the degree of pro- 
grammability of the motion platform I described in 
“Constructing An Intelligent Mobile Platform” 
{Robotics Age, July/ August 1982, page 41) but it still 
does not allow total local control. Consider taking 
the simple Z8 computer system and adapting it for 
use here. Almost the same parallel interface could ex- 
ist; only the program would change. How about fit- 
ting the motion platform with Armatron, then ad- 
ding voice command control from last issue? Start 
working on it. Drop me a line with your results, and 
in a future article, I will disclose my efforts at fitting 
it all together. □ 
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INVENTION 

DOCUMENTATION: 

A Primer 


Stephen A. Becker 
Lowe, King, Price & Becker 
Crystal Plaza 1 

2001 Jefferson Davis Highway 
Arlington, Virginia 22202 


It is essential to maintain detailed 
records during the development of any 
robotics or other engineering project, 
whether you are a private inventor or 
employed by a company. Through 
proper documentation, you can track 
your own progress and determine the 
best course for future work. Thorough 
and accurate documentation is also a 
must for writing reports and develop- 
ing papers for publication. 

There is another reason to document 
your work; unless you keep good 
records, you may not receive proper 
credit for your inventions, either within 
your company through reports, or on 
the outside through patents. 

A patent is basically a contract be- 
tween an inventor and the government 
which gives the inventor the right to ex- 
clude others from making, using, or 
selling his or her invention in this coun- 
try for a period of 17 years. This right 
can be licensed or sold. The inventor 
must make a full disclosure of the in- 
vention in the patent application. The 
U.S. patent application is maintained in 
secret. Once the Patent Office issues a 
patent, the invention becomes public- 


STEPHEN A. BECKER, who has a Master of 
Science degree in Electrical Engineering, has been 
granted two patents for his work in electronic con- 
trol systems while working as a research engineer. 
After obtaining a law degree in 1975, he entered 
the field of patent, trademark, and copyright law. 
Mr. Becker now specializes in protecton of in- 
tellectual property with particular emphasis in 
computers and is a partner in the patent law firm 
of Lowe, King, Price & Becker, 2001 Jefferson 
Davis Highway, Suite 209, Arlington, Virginia 
22202. 


ly known. After 17 years, the invention 
becomes dedicated to the public. A 
U.S. patent is effective only in the 
United States; to obtain foreign patent 
protection, you must apply in those 
countries for which protection is 
required. 

Until recently, it was uncertain 
whether computer programs or inven- 
tions involving programmed computers 
could receive patent protection. In ac- 
cordance with recent Supreme Court 
cases, however, it is now clear that 
many forms of programmed systems 
can be patented. One Supreme Court 
case involved a form of robotics 
wherein molding of rubber within a 
mold press was controlled so that the 
rubber was molded perfectly every 
time. Temperature within the press was 
continuously measured, calculations 
were made in accordance with a known 
equation, and the press was opened at 
exactly the right time to form a nearly 
perfect product. 

Particular forms of documentation 
are needed to establish and protect pat- 
ent rights for your invention. Proper 
documentation proves that you are cor- 
rectly named as an inventor and in- 
dicates whether others should be named 
as co-inventors. If the application for 
a patent is prepared by a patent at- 
torney, he or she will probably want to 
see the documentation and receive as 
much disclosure as possible in order to 
draft a thorough and accurate patent 
application. The patent may initially be 
refused on the basis that the invention 
was earlier completed by another inven- 


tor. Your carefully developed records 
can help to prove that you are the first 
inventor and therefore the one entitled 
to the patent. 

If the patent is enforced against a 
competitor in court, you may have to 
prove an early completion date of your 
invention to avoid having your patent 
held invalid because the work was com- 
pleted earlier in this country. On the op- 
posite side, you may want to provide 
documentation to show that a patent 
being enforced against you is invalid 
because you completed the invention 
prior to the other inventor. 

What is Patentable. Before you learn 
the type of documentation required to 
help protect your invention, you need 
to know a bit more about patents. 

To be patentable, an invention must 
be new, useful, and unobvious. When 
a patent application is filed with the 
U.S. Patent and Trademark Office, the 
Examiner to which the application is 
assigned checks the records to deter- 
mine whether the invention is new and, 
if so, whether it is unobvious. During 
negotiation between the Examiner and 
the applicant (generally through his or 
her attorney), the Examiner brings for- 
ward any evidence in the form of prior 
patents or publications which shows 
that the invention is not patentable over 
the prior art. “Prior art” is defined as 
the state of the technology at the time 
the application is filed. The applicant 
may argue that the invention is different 
from the prior art, or he or she may 
have to prove completion of the inven- 


ROBOTICS AGE Nov/Dec 1982 47 


tion in this country before the invention 
shown in the patents or publications. 
The applicant must do this using prop- 
er written documentation, not by mak- 
ing allegations. 

The Examiner may advise that 
another applicant has filed a patent ap- 
plication on the same invention. A so- 
called “interference procedure” maybe 
declared, and each applicant given an 
opportunity to bring forth documented 
evidence showing an earlier invention 
date. 

Keeping Records. Two elements of the 
completed invention, which you may 
have to prove by documentation, are 
conception and reduction to practice. 

Conception is considered to occur 
when the invention is completely 
developed in the mind of the inventor. 
This requires more than the mere 
recognition of a desirable result, or of 
a problem or a general approach to 
solving the problem. Conception re- 
quires the formulation of the physical 
structure or process to accomplish a 
result or to solve a problem. You must 
show conception to someone who 
understands your idea. The best type of 
evidence to prove conception is prob- 
ably a written description of the idea in 
a notebook, including any necessary 
drawings. The notebook should be 
read, dated, and signed by someone 
who understands the inventive concept 
but is not a co-inventor or may become 
named as a co-inventor. 

The one form of reduction to prac- 
tice requires actually building and 
testing the invention. (Editor’s Note: 
Construction of the invention is not a 
requirement for filing a patent applica- 
tion.) Computer simulation of a system 
alone is probably not adequate evidence 
for reduction to practice. 

The reduction to practice must be 
witnessed by someone else. An excellent 
witness may be an engineer or techni- 
cian in your company but again, not a 
co-inventor or anyone who might 
possibly become named as a co- 
inventor. The witness must swear that 
he or she either watched the inventor 
carry out all the important aspects of 
the invention on the behalf of or at the 
request of the inventor. The invention 
must be tested to show that it does what 


it is supposed to do. If you make a 
demonstration of the invention without 
a witness, you must repeat the 
demonstration in view of the witness. 
The witness for a conception can be the 
same witness as for a reduction to 
practice. 

A good way to keep a permanent 
record of your invention is to use a 
numbered, bound laboratory 
notebook. An excellent notebook of 
this type is Form W-300-75, available 
from the Laboratory Notebook Com- 
pany, 242 Suffolk Street, Holyoke, 
Massachusetts 01040. The notebook 
entries should be a running, con- 
secutive, dated account of work con- 
ducted on your projects, as well as work 
of others that you have witnessed. Use 
a single page for each subject and each 
day’s work. You should include in the 
documentation plans, test sheets, 
material orders, time records, and 
anything else that can supplement the 
notebook record. 

Document each project on a periodic 
basis to show what was done, why the 
work was done, and by whom the work 
was done. The record should indicate 
when the work was done and what the 
results and conclusions were. The 
notebook entries should be thorough; 
to prove conception, the disclosure 
must be detailed enough to enable 
another person of ordinary skill in the 
art to understand what was in the inven- 
tor’s mind. Proving reduction to prac- 
tice requires enough detail to show ex- 
actly what was done to demonstrate the 
invention. The disclosure and reduction 
to practice, however, do not have to be 
of a commercial device. 

Do not deliberately obscure your 
records to prevent discovery by others. 
This might reduce your chances of 
proving complete conception or reduc- 
tion to practice before a court at a later 
date. Even worse, several years down 
the road, you may not be able to 
reconstruct exactly what you had in 
mind. 

Try to make notebook entries on a 
daily basis. Make all entries into your 
notebook first so that the entries will be 
the original documentation. Any 
unusual delay in time between entries 
might show a lack of diligence which 
can hurt your case or might even sug- 


gest that you are withholding critical 
documentation. 

Never falsify the records. Use actual 
facts and dates and do not erase or tear 
out pages. If you make a mistake, draw 
a line through the incorrect words or 
portions of the page so that the content 
of the mistake remains readable. Never 
alter the record at a later date and do 
not leave large spaces on the pages. 
Draw a diagonal line through any 
significant blank spaces to prevent the 
inference that you filled in pages after 
the date. 

It is helpful to show the type of 
reasoning and experience that led to the 
invention. If you attended conferences 
or read articles to stimulate a particular 
approach, indicate that in your record. 
If you made mistakes or changed your 
approach, be sure the record indicates 
that, since it will support the integrity 
of your documentation. Do not be 
afraid to admit an error on the record; 
your mistakes are just as important as 
your successes. Use ink or indelible pen- 
cil for making the record to reduce 
suspicion that you may have altered the 
record. 

Always follow through as quickly as 
possible from conception to reduction 
to practice. Be especially careful to keep 
detailed records concerning the last step 
which results in the invention. If you 
fail to follow through to reduction to 
practice or to file a patent application 
in the Patent and Trademark Office in 
a diligent manner, you will not be able 
to prevail in an inventorship contest 
against another who followed through 
to a provable reduction to practice, 
even though the other person made his 
or her invention after you conceived 
your invention. 

Finally, review your records from 
time to time and do not be reluctant to 
make the review with your co-workers. 
Frequently, you may have developed a 
number of small improvements which 
themselves are not patentable, but 
when joined with improvements by 
others, can result in an outstanding in- 
vention. If you work with a patent at- 
torney, review your records with him or 
her from time to time to help educate 
the attorney in your technology and to 
enable the attorney to identify all paten- 
table inventions as they evolve. □ 
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New 

Products 



Low-cost Optical 
Encoders 

Priori announces a low-cost line 
of precision optical encoders in 
modular form for a host of robotics ap- 
plications. They offer 50 count/turn 
resolution and are ideal for use in 
nonhostile environments. 

The encoder fits onto a shaft with a 
unique cone-mount collar that provides 
concentric and wobble-free running. 
Standard shaft sizes are 0.125 inches, 
0.250 inches, 0.375 inches and 0.500 inch- 
es. Metric sizes are available. This dual- 
track encoder is manufactured on a 
computer-controlled mill and has pre- 
cise hole-to-hole registration and 
spacing. 

Reflective IR pickup optics output a 
TTL dual channel, phase quadrature 
signal for direction sensing. A signal- 
processing board which connects to the 
pickup optics and gives as output a 
CW/CCW direction and rate signal is 
also available. This board uses error- 
correction circuitry which provides an 
accurate direction and rate signal. It 
does not hang up on hole transitions and 
generate false counts as most phase 


Video Analyzer 

he I VS 200 is a real-time digital 
image processing system compati- 
ble with most video cameras and VCRs. 
Its features include real-time digitization 
and image storage with 512 by 512 by 
8 bit basic resolution, real- 
time integration of up to 16 bits with the 
selection of the IVS 200 arithmetic logic 
unit (ALU) board, pan and scroll, 
reference image or mask comparison, 
and programmable input and output 
lookup tables. The system contains a 
high-speed interface to a desktop com- 
puter (included) and can be supplied 
with a variety of peripherals. Off-line 
processing can be performed using both 
IVS preprogrammed functions and user- 
programmed operations. Commands 
can be input in either BASIC or as- 
sembly code. Output channels for con- 


detection schemes do. It is offered with 
one-, two-, or four-times resolution 
multiplication options. This gives an 
ultimate resolution of 200 counts/turn 
if the four-times option is chosen. 

Some application areas that are in use 
are robot arm, wrist, and shoulder con- 


trol of external devices are also avail- 
able. For further information contact: 
Interactive Video Systems, Inc., 34 
South Road, Bedford, Massachusetts 
01730. Phone: (617) 275-5569. 
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trols. Angle sensing is another use. Mo- 
tion control and motor speed control 
application areas abound. A Priori also 
has an adhesive strip of linear encoder 
tape that can take the place of the disc 
encoder in areas of linear encoding. This 
tape has etched on it a phase quadra- 
ture, dual-track pattern and operates by 
reflecting the incident IR. The advantage 
in using this linear tape is that it 
eliminates backlash in systems that use 
a gear train to generate the linear conver- 
sion using a disc encoder. Prices are as 
follows: 

Disc-XXX (standard encoder disk. 
XXX represents shaft size in thou- 
sandths of an inch) — $19.95. 

PU-1 (pickup optics board) — 
$19.95. 

OSPB-1X, 2X, or 4X (signal-process- 
ing board. Two-channel phase 
quadrature signal in, direction and 
rate signal out. With connector) — 
$24.95. 

For a complete brochure listing prices 
and available electronics and mounting 
hardware, contact: A Priori, 21318 
125th S.E., Kent, Washington 98031. 
Phone: (206) 630-2144. 
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New 

Products 


Seam Automated Welding System 


obotic Vision Systems, Inc., 
(RVSI) has developed an adaptive 
seam automated welding system (called 
SAWS) which consists of an industrial 
robot, an MIG welder unit, a minicom- 
puter, and an RVSI 3-D vision Robo 
Sensor™System. The vision sensor 
module and MIG welding gun are both 
attached to the tool mounting plate on 
the robot’s wrist. 

The 3-D Robo Sensor vision system 
employs proprietary state-of-the-art 
electro-optical and data processing 
techniques to accurately determine the 
three-dimensional spatial coordinates of 
the viewed seam. 

SAWS provides the capability to 
adapt to differences in the spatial posi- 
tions and widths of certain seams on car 
bodies coming down an assembly line 


by automatically modifying the robot- 
controlled arc welding path and welding 
parameters. 

There are two modes of operation: a 
teach mode and an operating mode. In 
the teach mode, the first car body on the 
line is used to teach the robot a refer- 
ence seam vision path, a reference seam 
cross-section, and a reference seam 
welding path. During the subsequent 
automatic operating mode, a vision pass 
and a welding pass are repeated for each 
successive car body coming down the 
line. 

In the vision pass cycle of the 
automatic operating mode, the robot 
arm mounted vision sensor follows the 
vision path and senses the spatial devia- 
tion and width difference of the actual 
seam from the reference seam. Welding 




is then performed in the welding pass, 
using the deviation information to cor- 
rect the robot welding path to compen- 
sate for spatial differences and to adap- 
tively adjust the welding parameters to 
compensate for differences in seam 
cross-section. 

To the best of Robotic Vision Sys- 
tems, Inc.’s knowledge, its adaptive 
seam automated welding system is the 
first operational system of its kind us- 
ing a three-dimensional vision and data 
processing system in conjunction with 
a robot and an arc welder in an auto- 
motive assembly plant. 

For further information, contact: 
Robotic Vision Systems, Inc., 536 
Broadhollow Road, Melville, New York 
11747. Phone: (516) 694-8910. 
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Synapse Book Catalog 

ynapse Information Resources an- 
O nounces its 1982 Book Catalog. 
This 74-page work is the most up-to- 
date single resource on the subjects of: 
automation, robotics, artificical intelli- 
gence, CAD/CAM, computer tech- 
nology, cybernetics, biomedical en- 
gineering, and instrumentation. 

Selected titles represent the best of 
varying theoretical viewpoints at differ- 
ent technical levels, giving the user 
powerful assistance in meeting profes- 
sional source materials requirements. In 
addition, some layman-oriented works 
have been included for those seeking 
knowledge outside their own disciplines. 
For this free catalog, contact: Synapse 
Information Resources, 912 Cherry 
Lane, Vestal, New York 13850. Phone: 
(607) 748-7885. CIRCLE 34 


50 ROBOTICS AGE Nov/Dec 1982 



New 

Products 


New Ultrasonic 
Ranging Module 

M assa Products Corporation an- 
nounces its Model E-200 Ultra- 
sonic Ranging Module. The E-200 com- 
bines an air ultrasonic transducer and 
all interface and processing electronic 
circuitry necessary for detection and 
range measurement into one small, 
compact module. 

The E-200 uses a 26 KHz air 
transducer and transmitting and receiv- 
ing electronics to provide a digital pulse 
output. The output pulse width is direct- 
ly proportional to the unit’s distance 
from a target at a rate of 1 .77 msec, per 
foot. The E-200 is capable of detecting 
objects or accurately measuring 
distance, from approximately two feet 
to over 30 feet in air, with a resolution 
of better than plus or minus one-half 
inch. 



The module is ideally suited for many 
industrial control applications, in- 
cluding distance measurement, proximi- 
ty detection, security sensing, counting, 
and robotics. Features include small 
size, self-contained packaging, single 
DC supply operation ( + 5 to - 15 VDC) 
low current drain, and internal or ex- 
ternal trigger. The price is Si 50, and 
availability is stock to two weeks. 

For further information, contact: 
Ronald A. Massa, Director of Market- 
ing, Massa Products Corporation, 280 
Lincoln Street, Hingham, Massachu- 
setts 02043. Phone: (617) 749-4800. 
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New X-6 Robo-Master 
Handles 350 Pounds 


A ir Technical Industries’ Robo- 
Master can be equipped with 
many different styles of grippers, hands, 
attachments, and tools for a wide range 
of job applications. Six or more produc- 
tion processes can be located around 
this robot which has a waist rotation of 
270 degrees. A maximum diameter 


swing is available in a range of 48* 
es and 144 inches, in five models $|th 
load capacities from 25 to 350 pounds. 
Six axes (X-6) of simultaneous functions 
make the flexible arm capable of 
maneuvering in tight spots. Functions 
include full waist rotation, shoulder lift, 
arm joint axis, and three wrist axes of 
pitch, yaw, and roll. A rotary actuator 
in each joint provides positive position 
control to work, turn, position parts, or 
execute other material handling and as- 
sembly functions. Robo-Master can 
handle intensive and tedious tasks in any 
environment that requires delicate grip- 
ping and precise touch. For more infor- 
mation, contact: Air Technical Indus- 
tries, 7501 Clover Avenue, Mentor, 
Ohio 44060. Phone: (216) 951-5191. 
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Pixelcaster Intelligent Visual Preprocessor 


F ision Peripherals announces an 
Intelligent Visual Preprocessor, 
the Pixelcaster. The two-, three-, or 
four-card, S- 100-sized board set allows 
development and implementation of im- 
age processing algorithms using any 
computer host. Virtually all of the infor- 
mation in a video signal, including col- 
or, is made accessible to any system 
communicating via RS-232C. Applica- 
tions include video text recognition, 
noncontact measurement, robot vision, 
remote monitoring, and intrusion detec- 
tion. 

The Pixelcaster interfaces via RS- 
232C and accepts ASCII commands. It 
features a Z80A CPU and a high-speed 
memory for storing up to 1024 image 
samples and coordinates of the sample 
locations. Sample timing is referenced 
to the NTSC 3.579545 MHz color sub- 
carrier, which makes for very stable 
sampling of TV images. Each of the 


1024, four-bit pixels can come from 
anywhere in the TV signal, including the 
sync intervals or consecutive fields. The 
order of the pixels transmitted to the 
host in ASCII is independent of the 
order in which the samples are acquired 
during the TV raster scan. Special X and 
Y offset registers allow the specified pat- 
tern of pixels to be quickly translated 
about on the image, and real-time in- 
terrupts to the Z80A CPU enable pro- 
cessing to be synchronized to events in 
the video signal. 

A complete Pixelcaster system, in a 
compact desktop enclosure with all con- 
trols and indicators on an attractive 
front panel, will be introduced in the 
fourth quarter of 1982. For more infor- 
mation, contact: Vision Peripherals, 
2612 West Lincoln Avenue, Suite 301, 
Anaheim, California 92801. Phone: 
(714) 952-1176. 

CIRCLE 37 


ROBOTICS AGE Nov/Dec 1982 51 


Pattern analyzer 


Recognition 



Figure 6. A block diagram showing the major components of the intelligent oven control system. 


Continued from page 26 

the operator does not understand the 
synthesized voice and replies ‘ ‘par- 
don?’ ’ this second-level response causes 
the oven to repeat the synthesized 
message. 

If the operator gives a second-level 
response which is not among the ex- 
pected list, the apparatus erases the 
first-level command it has recognized 
and restores the apparatus to its first 
recognition mode. In addition, if a 
second-level response is not received 
within a given period of time, the 
previous command is assumed to have 
been given erroneously and is erased. If 
the oven does not recognize the voice 
command given by the operator as be- 
ing among the prestored set of com- 
mands, the synthesizer generates the 
message “pardon?” to indicate to the 
operator that it did not understand the 
command. 

Hardware. The voice recognition and 
processing circuit is controlled by an 
eight-bit microprocessor such as the In- 
tel 8080 (see figure 6). The spoken com- 
mand signal is received by a 
microphone, and the output is 


amplified and fed through a filter bank 
comprising an array of 10 bandpass 
filters and 10 lowpass filters. The out- 
puts of the filter bank are connected to 
an analog multiplexer formed by, for 
example, three CMOS MC14016B 
quad analog switches. 

Channel switching is controlled by a 
channel selection signal sent from the 
microprocessor. The four-bit channel 
selection signal is decoded by a BCD-to- 
decimal decoder such as the 
MC14028B. The multiplexed output is 
sent to an A/D converter which changes 
the analog signal to an eight-bit digital 
signal. The A/D converter may be a 
monolithic type, such as the MM 5357. 

The voice data signal is sampled and 
written into the input pattern memory. 
By detecting the end of the voice input 
signal, the microprocessor counts the 
time length of the voice pattern and 
normalizes the time length using the 
dynamic programming technique 
described in the IEEE Transactions on 
Acoustics, Speech and Signal Process- 
ing, volume ASSP-26, number 1, 
February 1978, pages 43-49 and 
ASSP-27, number 6, December 1980, 


pages 588-595. The dynamic program- 
ming technique compares the reference 
patterns stored in memory with partial- 
ly expanded or contracted images of the 
voice input pattern until it determines 
the best match. 

The following three patents are 
similar to that of Ueda and Takano and 
are equally interesting. 

• 4,340,797 “Voice Actuated Heating 
Apparatus” 

• 4,340,798 “Voice-Controlled Safety 
Arrangement Heating Apparatus” 

• 4,340,799 “Heating Apparatus With 
Voice Actuated Door Opening 
Mechanism” 

Each of these describes other modifica- 
tions and improvements to the in- 
telligent oven. 

Copies of all four patents are 
available from the U.S. Patent and 
Trademark Office for $1.00 each. Send 
orders with payment to: Commissioner 
of Patents and Trademarks, 
Washington, DC 20231. □ 
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Classified 

Advertising 


RECRUITING IN ROBOTICS 

Jon Winn, Management Recruiters/ 
Silicon Valley, 1040 Marsh Rd, Menlo 
Park, CA 94025 Ph. 415-328-8024. 

FREE SYNAPSE BOOK CATALOG 
NOW AVAILABLE. Your single source 
for the most up-to-date and best books 
on: Automation, Robotics, Artificial In- 
telligence, Computer Technology 
Cybernetics, Biomedical Engineering, 
and Instrumentation. Write or call today: 
Synapse Information Resources, Inc. 
912 Cherry Lane, Vestal, NY 13850. 
607-748-7885 


SONAR circuit plans: compact device 
is inexpensive to build and perfect for 
mobile robot use. Measures distance to 
detected objects up to fifteen feet away. 
Detailed plan set includes both micro- 
processor-interfaced and LED display 
versions, all for $6.95. Write Sensystems, 
Box 1497, Cupertino, CA 95015. 

PASCAL COMPILER. COMPLETE 
source code for Niklaus Wirth’s Pascal- 
S, modified for Apple (UCSD) Pascal. In- 
cludes R D Berry’s excellent book, "Pro- 
gramming Language Translation," as 
an instruction manual. The book alone 


is worth $42. Book and software (on 5 V 4 
Apple diskette) together are $54.30! 
Send check, MC/VISA to Peterborough 
Book Service, P.O. Box 458, Peter- 
borough, NH 03458. Allow 6-8 weeks for 
delivery. 

GUIDE TO HOME CHESS 
COMPUTERS To receive your free 
Guide to Home Chess Computers, in- 
cluding comparisons of all currently 
available models, plus discount prices, 
contact PMK Associates, PO Box 598, 
East Brunswick, NJ 08816 (201) 
246-7680. 


Robotics Classified Advertisement Order Form 


Robotics Age classified advertisements reach thousands of peo- 
ple interested in designing and developing intelligent machines. To 
place a classified ad simply fill out the order form below and mail 
to Robotics Age , Strand Building, 174 Concord Street, Peter- 
borough, N.H. 03458. The current word rate is $0.50 per word and 
can be paid by check, MasterCard, or VISA. 


All classified advertisements are prepaid and accepted on a first 
come, first served basis for publication in the next available issue. 
Publishers reserve the right to reject any advertisement. 


Word Count: X $0.50 = Total Cost: 


Name: 

Company: 

Street: 

City/ State : ZIP : 

Signature: 


Payment: 
MasterCard □ 

Card Number: 

Interbank Number: 


VISA □ 


Check □ 


Expiration Date: / 


All copy for classified ads should be typed and submitted on a separate sheet of paper. 


Continued from page 37 

These four phases are cycled through, one after 
another, to simulate a pogo stick hopping. Experimen- 
tal control algorithms may be used to control the torque, 
t, during both the In the air (phase 1) and On the ground 
(phase 3) phases of the hopping cycle. For example, to 
control 0,, leg angle with repect to the vertical at time 
of landing, a simple servo controller which monitors 0 
can be used to command an appropriate torque at each 
time step in the iterative simulation of the In the air phase 
of hopping. 

Acknowledgements: Many thanks are due Dr. Marc Raibert for 
introducing me to the dynamic balance problem y and to the 
Robotics & Teleoperator Group of the Jet Propulsion Laboratory 
for computer facilities. 
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I AM INTERESTED! 

Name 
Company 

Street 

City 


. State 
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Phone 

□ Send more information. 

$5.00 handling 

□ Send 68 MAGNUM MANUAL @ $10.00 
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□ Send 68 MAGNUM @ $745.00 plus 
Exp. Date 
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